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survive,  particularly  under  stresses  of  salinity  and  inundation.  Although 
several  species  are  investigated,  including  Distichlis  spicata,  Juncus 
roemer ianus , Phragmites  communis , Saggitaria  falcata,  Spartina  cynosuroides , 
and  Spartina  patens,  major  emphasis  is  given  to  the  adaptability  and  edaphic 
requirements  of  Spartina  alternif lora : the  response  of  this  species  is 
contrasted  with  that  of  the  other  species.  Emphasis  is  given  to  the  substrate 
qualities  to  which  Spartina  alternif lora  can  adapt  and  to  the  adaptation 
mechanisms. ■ 

Techniques  used  in  the  investigation  include:  field  studies  of  the 
spatial  variation  in  the  peak  biomass  of  salt  marsh  vegetation;  mineral 
analyses  of  soil  and  tissue  nutrients  in  coastal  Louisiana  and  the  relationship 
of  spatial  distribution  of  these  nutrients  to  peak  live  biomass  (yield)  of 
Spartina  alternif lora ; greenhouse  and  laboratory  studies  of  salinity  and 
sediment  drainage  effects  on  growth  and  carbon  dioxide  exchange  of  salt  marsh 
plants;  the  effect  of  salinity  on  ion  adsorption  rates;  and  the  role  of  light 
and  temperature  in  marsh  plant  photosynthesis. 

-P*  Results  of  the  studies  are  integrated  in  a general  conceptual  model  that 
has  application  to  the  development  of  marshes  on  dredged  material.  ^ 
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SUMMARY 


1.  During  the  1955-1964  period  disposal  of  dredged  material  was 
a major  reason  for  filling  wetlands  in  the  United  States.  Marsh  areas 
are  fairly  accessible  to  many  coastal  dredging  projects  and  for  many 
years  easements  were  easily  obtained  and  relatively  Inexpensive;  hence, 
marsh  disposal  of  dredged  material  improved  the  cost:benefit  ratio  that 
mush  be  applied  to  federally  sponsored  engineering  projects  over  other 
disposal  techniques . With  the  sharp  increase  in  awareness  of  the 
value  of  coastal  wetlands  as  natural  systems  in  recent  years,  the  avail- 
ability of  these  areas  for  disposal  of  dredged  material  has  decreased 
and  alternatives  are  being  sought.  One  alternative  is  to  Identify  tidal 
wetlands  that  are  of  least  value  in  their  natural  state  and  thus  could 
serve  as  possible  routes  of  navigation  channels  and  disposal  sites. 
Perhaps  a more  viable  alternative  is  the  use  of  dredged  material  to 
create  new  marshes.  For  both  types  of  disposal  the  productivity  of 
marsh  vegetation  and  the  physiological  ecology  of  stress  are  important 
questions . 

2.  This  study  examines  the  productivity  of  seven  marsh  plant 
species  common  in  coastal  marshes  of  Louisiana  (Vol.  I)  and  reports  on 
a number  of  experiments  that  concern  the  ability  of  marsh  plants  to 
survive  under  the  dual  stresses  of  salinity  and  inundation  (Vol.  II). 

The  study  was  conducted  between  August  1973  and  July  1976  as  a portion 
of  the  overall  DMRP  research  and  development  effort  under  Task  4A, 

Marsh  Development. 

3.  Productivity  of  seven  marsh  plant  species  was  evaluated  over 


a two-year  period.  Using  a harvesting  technique  that  corrects  for 


2 


mortality  between  sampling  periods,  it  was  determined  that  Spartlna 
patens , Juncus  roemerlanus , and  Distlchlls  spicata  were  even  more  pro- 
ductive than  Spartlna  alternlflora,  a species  that  is  known  to  be  highly 

_2 

productive.  Measured  annual  net  production  (g  m ) was:  patens , 

4200;  roemerlanus . 3300;  spicata.  2900;  Phragmites  communis , 

2400;  Sagittarla  falcata,  2300;  Spartlna  cynosuroides , 1100.  The  fresh 
and  brackish  marsh  species  supported  high  levels  of  productivity  even 
though  they  did  not  receive  as  much  tidal  subsidy  as  salt  marshes. 
Productivity  was  higher  for  species  that  grow  throughout  the  winter  than 
for  those  such  as  cynosuroides  and  communis , which  die  to  the 
ground  in  late  fall.  The  broad-leaved  fresh  marsh  species,  falcata, 
produced  only  a moderate  level  of  organic  matter,  but  its  high  nutrient 
content  (up  to  3 percent  nitrogen)  and  rapid  decomposition  rate  made  it 
unique  among  the  species  investigated. 

4.  Considerable  effort  was  expended  evaluating  techniques  for 
measurement  of  production.  Peak  standing  crop  was  compared  with  harvest 
methods  that  correct  for  mortality  between  sampling  periods  and  with 
nondestructive  phenometrlc  techniques  based  on  recruitment,  growth, 
longevity,  and  density  of  individual  stems.  From  the  evidence  it  was 
concluded  that  peak  standing  crop  seriously  underestimates  production  in 
gulf  coast  marshes,  and  that  the  harvest  technique  of  Wiegert  and  Evans 
(1964)  is  the  most  realistic  presently  available,  although  phenometrlc 
analysis  holds  promise  for  an  excellent,  nondestructive  method  of 
productivity  analysis. 

5.  Aside  from  variation  in  reported  productivity  due  to  differ- 
ences in  techniques,  wide  geographic  variability  occurs.  In  an 
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end-of-the-season  study  of  S.  alternlflora  biomass  over  a wide  area  of 


southeastern  Louisiana,  standing  biomass  was  found  to  vary  from  zero 
to  2244  grams  per  square  meter.  Biomass  was  higher  in  Barataria  Bay 
than  in  Terrebonne  Bay  and  also  higher  on  the  east  side  of  each  bay 
than  on  the  west  side.  The  higher  biomass  in  Barataria  than  Terrebonne 
Bay  could  be  related  to  the  proximity  of  Barataria  Bay  to  the  Mississippi 
River,  which  is  a large  source  of  both  fresh  water  and  nutrients.  It 
is  not  clear  why  the  east  side  of  these  two  bays  was  more  productive 
than  the  west  side,  but  it  is  speculated  that  circulation  patterns  and 
dominant  winds  may  control  the  distribution  of  nutrients  and  silt  within 
the  bay. 

6.  Growth  was  also  more  vigorous  along  stream  edges  compared  to 
50  to  175  ra  from  the  stream.  This  phenomenon  has  been  reported  before 
and  is  thought  to  be  related  to  more  vigorous  tidal  flushing  action  along 
the  edges  of  streams. 

7.  The  standing  stock  of  alternlflora  did  not  increase  with 
distance  inland  from  the  gulf  although  the  total  biomass  on  the  marsh, 
including  species  other  than  alternlflora,  did  increase. 

8.  Biomass  gradients  were  paralleled  by  physical  gradients.  Flooding 
frequency  decreased  with  distance  from  the  gulf  inland  and  from  the 

edge  of  streams  into  the  marsh.  With  this  decrease  there  was  also  a 
decrease  in  sediment  deposition  and  in  the  proportion  of  coarse  mate- 
rials to  fine  in  the  sediment;  a decrease  in  salinity;  and  an  increase 
in  organic  deposition  in  the  sediments.  These  physical  gradients  were 
poorly  correlated  with  alternlflora  biomass,  although,  in  general,  high 
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biomass  was  associated  with  high  silt  loads,  low  organic  matter  in  the 
sediments,  and  decreasing  salinity. 


9.  Soil  and  tissue  nutrient  concentrations  were  also  poorly 

•A. 

correlated  with  altemif lora  biomass.  The  highest  correlation 
(negative)  was  between  alternif lora  biomass  and  boron  (B)  (r  = -0.32). 

^ Nitrogen  (N)  was  also  negatively  correlated  with  biomass  (r  = -0.19). 

Other  significant  correlations  failed  individually  to  account  for  as 

, much  as  5 percent  of  the  biomass  variability.  Multiple  step-wise 

A » 

* 

regressions  were  conducted  between  the  dependent  variables,  alterniflora 
live  biomass  and  total  live  plus  dead  biomass,  and  the  independent  variables, 
14  tissue  elements  or  8 substrate  parameters.  The  best  seven-variable 
model  of  tissue  nutrients  accounted  for  only  36  to  38  percent  of  biomass 
variability.  Boron  and  manganese  (Mn)  were  significant  variables  in 
all  models.  Phosphorus  (P) , potassium  (K) , and  N also  entered  the  rela- 
tionship with  live  biomass,  K,  and  barium  (Ba)  with  total  biomass. 

10.  No  soil  parameter  accounted  for  more  than  11  percent  of  biomass 
variability.  The  only  significant  relationship  was  between  salinity  and 
total  biomass.  Thus,  it  appears  in  the  complex  environment  of  the  salt 
marsh  that  many  factors  contribute  to  yield. 

11.  These  field  studies  were  supplemented  by  controlled  tests  in 
the  greenhouse  and  laboratory.  In  these  tests  it  was  documented  that 
S.  alterniflora,  cynosuroides,  and  D.  spicata  are  all  inhibited  by 
salt  in  the  concentration  range  of  their  normal  habitat.  Kinetic  studies 
with  the  labelled  isotope  rubidium  (Rb)  indicated  that  a mechanism  of 
action  of  salt  was  the  inhibition  of  nutrient  absorption  since  Rb 
absorption  was  strongly  inhibited  in  the  presence  of  salt. 
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12.  In  situ  studies  of  photosynthesis  of  whole  salt  marsh  communities 


showed  that  the  macrophytes  (^.  alternif lora)  accounted  for  90-96  percent 
of  the  total  photosynthesis  of  the  community.  The  micro-algae  found  grow- 
ing on  the  lower  parts  of  the  alternif lora  culms  and  on  the  surface 

of  the  sediments  accounted  for  as  much  as  10  percent  of  gross  production 
in  the  winter,  but  less  in  the  summertime.  However,  64-76  percent  of  the 
total  community  respiration  was  benthic  and  attributed  to  the  micro-com- 
ponents of  the  community.  The  photosynthetic  rate  increased  from  shade 
to  full  sunlight,  a characteristic  of  plants  (which  are  particularly 
efficient  photosynthesizers).  The  rate  of  photosynthesis  per  unit  leaf 
area  was  hj.gher  in  December  and  March  than  during  late  spring  and  summer. 

The  decrease  in  efficiency  in  late  spring  was  perhaps  related  to  the  N 
supply  to  the  roots.  The  rate  of  photosynthesis  was  not  affected  by 

V 

the  diurnal  flooding  pattern  of  the  marsh,  apparentlj  because  the  marsh 
substrate  was  efficiently  buffered  from  rapid  daily  redox  potential  (Eh) 
and  salinity  changes. 

13.  These  results  are  discussed  in  a model  of  marsh  success  which 
identifies  several  feedback  loops  that  stabilize  natural  marshes,  allowing 
them  to  counteract  the  effects  of  natural  subsidence  rates  and  remain  at 
an  elevation  just  below  mean  high  water  level.  The  inundation  regime  of 
the  marsh  is  critical  in  controlling  all  of  these  loops  through  control 

I 

of  the  nutrient  and  silt  supply  to  the  marsh,  the  salinity  of  the  flooding  ( 

waters  and  sediments,  and  the  soil  Eh.  However,  much  more  needs  to  be  I 

known  about  the  relationship  of  these  factors  to  the  flooding  regime.  j 

14.  The  relationships  discussed  in  the  model  are  important  be-  • 

i 

cause  they  can  be  used  to  evaluate  how  existing  data  on  marsh  productivity  i 


L 
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are  interpreted,  where  dredging  and  dredged  material  disposal  should 
occur,  and  what  species  and  edaphic  conditions  are  optimum  for  vegeta- 
tion of  newly  created  marshes. 
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gallons  (U.S, 
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I 

i 


i 

t 


report  can  be  converted 

To  Obtain 

meters 
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kilometers 
cubic  meters 
cubic  meters 
cubic  decimeters 
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COMMON  MARSH  PLANT  SPECIES  OF  THE  GULF  COAST  AREA 


VOLUME  II:  GROWTH  DYNAMICS 

INTRODUCTION 

1,  In  recent  years  the  U.S.  Army  Corps  of  Engineers  (CE)  has  spent 
about  one  half  of  its  budget  for  maintenance  of  channels  and  harbors  in 
coastal  areas.  Since  the  Corps  dredges  300  million  cu  yds*  of  material 
in  the  continental  United  States  each  year  (Boyd  et  al.  1972),**  the 
volume  of  dredged  sediments  to  be  disposed  of  in  the  coastal  zone 
provides  the  Corps  with  a serious  dilemma.  In  former  years  "useless" 
marshes  provided  a natural  disposal  area  for  dredged  material,  but 
recent  gains  in  the  public  appreciation  of  the  value  of  coastal  wetlands 
have  led  to  serious  restriction  of  disposal  sites.  The  Corps  is  cogni- 
zant of  the  detrimental  effects  of  disposal  on  marshes  and  is  looking 
for  economically  feasible  disposal  alternatives.  One  possibility  under 
consideration  is  the  placement  of  a thin  layer  of  dredged  material  over 
existing  marshes — a layer  thin  enough  to  allow  the  vegetation  to  grow 
through  and  to  function  as  a normal  marsh.  This  alternative  might  be 
particularly  attractive  in  areas  of  rapid  subsidence  wheie  the  dredged 
sediments  could  be  used  to  nourish  the  marshes.  A second  alternative  is 
the  creation  of  new  marsh  by  building  islands  or  adding  dredged  material 
adjacent  to  existing  marshes. 


* A table  of  factors  for  converting  U.S.  customary  units  ot  measure- 
ment to  metric  (SI)  units  can  be  found  on  page  li. 

**  References  at  end  of  this  section. 
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2.  In  order  to  accomplish  either  of  these  alternatives,  the 

i ability  of  the  indigenous  plants  to  respond  to  the  changed  circumstances 

must  be  known.  This  raises  many  technical  questions  about  the  ability 
of  a plant  to  survive  and  grow  in  the  intertidal  zone.  Can  the  habitat 
of  a marsh  plant  species  be  defined  in  physical  and  chemical  terms? 

What  are  the  critical  parameters  of  this  habitat  and  over  what  range  of 
these  parameters  is  growth  possible?  What  parameters  are  not  critical? 
That  is,  what  parameters  can  be  allowed  to  fluctuate  over  a wide  range 
without  significantly  affecting  the  ability  of  the  plant  to  grow?  What 
chemical  or  other  environmental  relationships  exist  that  might  not  be 
important  to  a plant  species  per  se  but  might  be  important  in  the 
function  of  the  whole  marsh  ecosystem?  For  instance,  the  ability  of 
marsh  plants  to  take  up  toxic  heavy  metals  that  they  do  not  themselves 
use  could  put  these  metals  into  the  food  web  and  pose  danger  to  higher 
consumers  or  to  man  himself,  or  the  relative  development  of  the  roots  of 
the  plant  system  as  opposed  to  the  shoots  may  not  affect  the  plant’s 
survival  but  may  be  critical  in  stabilization  of  the  sediment  surface. 

3.  In  this  volume  studies  concerned  with  answering  some  of  the 
above  questions  are  reported.  Emphasis  is  on  adaptability  and  edaphic 
requirements  of  saltmarsh  cordgreas,  Spartina  alterniflora,  since  this 
is  a plant  of  worldwide  distribution,  found  in  a wide  range  of  environ- 
ments, all  of  which  are  characterized  by  saline  sediments.  Response  of 

alterniflora  to  a number  of  edaphic  conditions  is  contrasted  with 
that  of  other  species  and  from  this  some  generalities  concerning  re- 
sponse of  the  plant  are  derived.  Emphasis  is  placed  on  the  substrate 
qualities  to  which  it  can  adapt  and  the  mechanism  of  adaptation.  The 
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[ ' study  Is  not  definitive,  rather  It  supplements  other  studies  under  way 


by  the  Dredged  Material  Research  Program  (DMRP)  of  the  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  Miss. 
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TECHNIQUES 


Field  Study 

4.  Peak  biomass  was  sampled  along  four  transects  extending  from  the 
Gulf  of  Mexico  across  the  east  and  west  sides  of  two  large  Interdistribu- 
tary basins  (Figure  1) . The  locations  of  these  transects  enabled  the  eval- 
uation of  the  effect  of  the  Mississippi  River  (Mississippi  River  effect), 
the  variation  occurring  on  a gradient  from  the  Gulf  of  Mexico  inland 
toward  fresh  water  (gulf-inland  gradient),  and  the  micro  effect  of  stream 
edges  as  opposed  to  Inland  marshes  (streamside  effect).  Samples  were 
collected  during  September  1974.  Vegetation  was  harvested  at  ground 
level;  separated  into  live  tissue,  dead  tissue  stripped  from  live  culms, 
dead  culms,  and  species  other  than  alterniflora;  dried;  and  weighed. 
Density  and  average  height  of  live  culms  were  also  recorded.  Statis- 
tical treatment  of  the  data  employed  the  Statistical  Analysis  System 
software  program  developed  by  Barr  and  Goodnight  (Service  1972).  In 
addition,  samples  over  a 2-year  period  were  taken  from  seven  species  of 
marsh  plants,  each  at  a single  location  on  the  coast  (Gosselink  et  al. 

1976) . The  two  studies  combined  show  both  the  geographical  and  the 
temporal  fluctuation  in  biomass  and  nutrient  parameters.  (See  Appendix 
A for  details.) 


Mineral  Analyses 

5.  Live  plant  tissue  from  the  field  study  was  dried,  ground,  and 
sent  to  the  Plant  Analysis  Laboratory  of  the  University  of  Georgia  to  be 
spectrographically  analyzed  for  15  nutrients.  Nitrogen  (N)  was  determined 


by  the  micro-Kjeldahl  technique  (Bremmer  1965),  also  by  the  University  of 
Georgia  Laboratory.  Soil  samples  collected  at  the  harvest  sites  were 
analyzed  for  cations  and  physical  structure  by  the  Louisiana  State 
University  Soils  Laboratory.  (See  Appendix  B for  details.) 


Greenliouse  and  Laboratory  Tests 

6.  Plant  material  for  use  in  controlled  tests  was  grown  from  seed 
collected  in  the  Barataria  Bay  area  of  south  Louisiana.  For  salinity 
studies  the  seedlings  were  transferred  to  solution  culture  containers 
and  grown  without  aeration  in  a growth  chamber  under  a 16-hour  photo- 
period at  19000  lux  in  a temperature  of  20‘’C  during  the  dark,  30®C 
during  the  light.  Salinity  was  controlled  by  the  addition  of  sodium 
chloride  (NaCl) . For  the  evaluation  of  the  effect  of  flooding,  seedlings 
were  transplanted  to  half-gallon  plastic  pots  containing  a mixture  of 
50-percent  river  sand  and  50-percent  fine  organic-rich  silt  from  Bara- 
taria Bay,  La,  The  pots  were  maintained  in  a flooded  or  drained  condi- 
tion, depending  on  the  treatment.  Platinum  (Pt)  electrodes  Inserted 
into  the  sediment  monitored  the  redox  potential  (Eh) . Nutrients  were 
recycled  in  the  drained  pots  in  order  to  maintain  the  same  total  nutrient 
availability  to  both  drained  and  flooded  plants.  Dry  weight  accumulation 
was  the  measure  of  the  plant's  response.  (See  Appendix  E for  details.) 

7.  To  study  the  kinetics  of  ion  absorption  by  excised  roots, 
seedlings  were  pretreated  in  appropriate  nutrient  solutions  before  the 
roots  were  excised.  These  roots  were  used  for  short-term  tests  in  which 
the  absorption  of  radioactive  rubidium  (Rb)  was  measured  as  it  was 


affected  by  manipulation  of  the  other  components  of  the  substrate.  The 


technique  was  described  by  Epstein  et  al.  (1963).  In  addition,  ion 
uptake  by  intact  seedlings  was  measured,  using  similar  techniques,  except 


y'  that  whole  seedlings  were  used  and  adsorption  of  radioactive  Rb  into  the 

A 

roots  and  shoot  determined.  (See  Appendix  F for  details.) 

Photosynthesis 

8.  Carbon  dioxide  (CO2)  flux  was  monitored  in  a cuvette,  either  in 
the  field  or  in  pot-grown  plants  in  the  greenhouse  under  controlled 
light  and  temperature  regimes.  The  change  in  CO2  concentration  of  the 
, air  stream  flowing  through  the  cuvette  was  measured  with  an  Infrared  gas 

analyzer,  as  described  by  Mooney  et  al.  (1971).  (See  Appendix  G for 
details.) 
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VARIATIONS  IN  S.  ALTERNIFLORA  YIELD 

Geographic  as  Related  to  Edaphlc  Parameters 
Biomass  gradients 

9.  Large  variations  In  growth  of  alternlflora  are  shown  by 
results  of  the  transect  study.  The  range  of  biomass  from  200  quarter- 
meter  plots  harvested  at  the  end  of  September  1974  was  0 to  2244  g m"^^ 
with  a mean  of  660  g and  a standard  deviation  of  349  g.  These  figures 
emphasize  the  natural  variability  of  the  marsh.  The  mean  biomass  was 
higher  In  Baratarla  Basin  than  In  the  Terrebonne  Basin  and  also  higher 
on  the  west  side  of  each  basin  than  on  the  east  side  (Figure  2). 

Nutrient  and  slit  Inputs  from  the  Mississippi  River  are  thought  to 
explain  some  of  the  differences  between  the  basins,  but  the  reason  for 
the  higher  productivity  of  the  west  side  over  the  east  side  Is  unclear. 
Factors  that  could  be  Implicated  are  the  geomorphology  of  the  basins  and 
the  predominantly  southeast  winds  that  blow  Into  the  west  sides  of  the 
basins.  An  analysis  of  the  Individual  stations  In  Baratarla  and  Terre- 
bonne basins  showed  that  the  main  differences  between  basins  occurred  at 
the  stations  near  the  gulf  where  the  Baratarla  marshes  had  much  higher 
biomasses  than  the  Terrebonne  marshes.  These  productive  stations  were 
those  that  would  be  expected  to  experience  the  strongest  Influence  of 
the  Mississippi  River.  In  addition  they  were  more  sheltered  by  the 
barrier  Islands  of  the  Baratarla  Basin  than  were  the  more  exposed  Terre- 
bonne marshes. 

10.  The  total  biomass  Increased  with  distance  from  the  gulf;  that 
is,  along  a gradient  of  decreasing  salinity.  Most  of  this  change. 
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however,  was  related  to  an  increase  in  the  biomass  of  species  other  than 
altemif lora.  In  contrast  to  other  reports  (Nixon  and  Oviatt  1973; 
Broome  et  al.  1975),  no  convincing  evidence  was  found  to  indicate  that 
either  the  live  or  the  litter  biomass  of  the  latter  species  varied  in  any 
consistent  manner  along  this  salinity  gradient  (Figure  3). 

11.  The  so-called  streamslde  effect  showed  up  strongly  in  the 
study  (Figure  4).  As  expected  from  previous  work  (Kirby  and  Gosselink 
1976;  Smalley  1959),  the  streamslde  plots  contained  more  live  and  dead 
vegetation  than  the  plots  50,  100,  or  175  m inland.  The  effect  was 
strongest  in  the  stations  that  were  farthest  from  the  gulf.  The  marsh 
was  much  more  broken  up  near  the  coast  than  it  was  upstream;  that  is, 
small  tidal  channels  penetrated  the  marsh  in  a fine  network.  It  is 
likely,  therefore,  that  close  to  the  coast  some  of  the  sample  plots  100 
or  175  m from  the  main  water  body  on  which  the  transect  originated  were 
influenced  by  other  minor  channels. 

Edaphic  and  salinity  gradients 

12.  The  biomass  gradients  were  paralled  by  edaphic  and  salinity 
gradients.  Salinity  decreases  with  distance  from  the  Gulf  of  Mexico  and 
tidal  energy  also  attenuates  inland.  This  attentuation  is  associated 
with  a decrease  in  the  frequency  of  inundation  of  the  marsh,  although 
the  total  time  inundated  per  year  is  not  greatly  affected  (Byrne  et  al. 
1976) . The  frequency  of  inundation  affects  edaphic  conditions  on  the 
marsh,  particularly  sediment  grain  size  and  organic  content.  The  inter- 
distributary basins  of  this  study  contain  almost  no  sands  inshore  of  the 
barrier  islands.  The  coarsest  sediment  particles  are  fine  silt.  As 
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tidal  energy  decreases  the  coarser  particles  drop  out  of  the  water 
column  resulting  in  an  increase  in  the  proportion  of  fine  particles  in 
the  sediments  with  distance  from  the  gulf  (Figure  5). 


Organic  content  gradients 

13.  Organic  content  is  a result  of  complex  processes.  Among  these 
are  the  magnitude  of  primary  production  and  the  tidal  energy  available 
to  move  organic  detritus  off  the  marsh.  The  processes  result  (Figure  6) 
in  a clear-cut  gulf-inland  gradient  of  increasing  sediment  organic 
content  with  distance  from  the  gulf  and,  also,  increasing  organic  content 
with  distance  from  the  edge  of  a bayou  (streamside  effect). 

Relationship  between  biomass 
and  physical  gradients 

14.  The  relationship  between  the  biomass  gradients  and  the  physi- 
cal gradients  is  not  clear.  There  is  no  significant  correlation  between 
salinity  and  alterniflora  biomass  parameters.  On  the  other  hand  the 
presence  of  species  other  than  alterniflora  does  increase  as  salinity 
decreases.  As  a consequence,  the  total  biomass  is  strongly  negatively 
correlated  with  salinity.  The  implications  for  alterniflora  seem  to 
be  that  this  species,  itself,  is  not  strongly  influenced  by  salinities 
in  the  range  (11  to  27  ppt)  encountered,  but  that  at  low  salinities 
other  plants  are  able  to  compete  successfully  with  it.  The  data  also 
Indicate  that  alterniflora  is  dependent  on  tidal  action  per  se  as 
distinct  from  salinity.  This  is  shown  by  the  streamside  effect,  where 
salinity  differences  are  minimal. 


15.  No  clear-cut  relationship  appears  to  exist  between  the  biomass 
of  alternlf lora  and  the  organic  content  of  the  sediment  (Appendix  A) , 
and  in  general  few  soil  or  tissue  nutrients  were  found  to  be  related  to 
biomass.  In  some  cases  positive  correlations  may  have  been  due  to 
luxury  consumption.  Negative  correlations  were  found  between  tissue  N 
concentration  and  yield  although  the  coefficient  of  correlation  (r)  was 
low  (-0.19).  The  best  predictor  of  yield  was  tissue  boron  (B) , which 
was  also  negatively  correlated  with  peak  live  biomass  (r  = -0.32). 

Other  tissue  elements  were  individually  significantly  correlated  with 
live  alternif lora  biomass,  but  individually  each  element  accounted 
for  5 percent  or  less  of  the  observed  biomass  variation. 

16.  Stepwise,  multiple  regression  procedures  were  followed  to 

relate  two  yield  parameters  (live  alternif lora  biomass  and  total 

biomass)  to  14  tissue  and  8 substrate  parameters  by  a maximum  r^ 
improvement  technique  (Service  1972).  For  tissue  nutrients  the  best 
seven-variable  model  only  accounted  for  36  to  38  percent  of  the  biomass 
variation.  Tissue  B was  a significant  variable  for  all  models,  as  was 
manganese  (Mn) . Phosphorus  (P) , potassium  (K) , and  N also  enter  the 
relationship  with  live  biomass,  K and  barium  (Ba)  with  total  biomass. 

17.  No  soil  parameter  accounted  for  more  than  11  percent  of  the 
biomass  variability.  The  only  significant  relationship  was  between 
salinity  and  total  biomass.  Thus  it  appears  that  in  the  comolex 
environment  of  the  salt  marsh  many  factors  contribute  to  yield. 

18.  It  should  be  noted  that  iron  (Fe) , which  was  specifically 
Implicated  in  S^.  alternif lora  growth  by  Adams  (1963),  did  not  appear  in 
the  field  to  be  significantly  related  to  yield.  Extraction  procedures 
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strongly  influence  the  quantitative  measurement  of  Fe,  but  growth 


chamber  studies  where  the  species  of  Fe  available  to  alternif lora 

were  controlled  (Appendix  C)  confirmed  that  high  Fe  levels  were  not 
required  for  optimum  growth.  In  fact,  in  this  study  some  growth  inhi- 
bition seemed  to  occur  as  substrate  Fe  concentrations  increased. 

19.  On  a broader  scale,  encompassing  seven  species  of  marsh  plants 
sampled  at  bimonthly  Intervals  over  a year,  tissue  nutrient  content  was 
again  poorly  related  to  biomass  (Appendix  D) . This  is  not  surprising 
since  tissue  nutrient  concentrations  tend  to  correlate  with  yield  only 
in  the  concentration  range  at  which  deficiencies  are  rather  severe. 

Above  this  range  the  plant  responds  to  increased  nutrient  availability 
with  increased  growth,  without  appreciable  change  in  tissue  concentration 
(Gerloff  1969). 


Salinity  and  Flooding 

20.  Controlled  environmental  studies  confirmed  previous  work  by 
Adams  (1963),  Seneca  (1972),  Phleger  (1971),  and  Gossellnk  (1970)  that 
most  salt  marsh  species  are  not  obligate  halophytes  but  rather  tolerate 
high  salt  levels  although  growth  is  restricted.  Spartina  alternif lora 
and  cynosuroides  were  both  inhibited  by  salinities  greater  than  about 
8 ppt,  but  Dlstichlls  spicata  appeared  to  tolerate  se Unities  up  to  at 
least  16  ppt  without  adverse  effects.  The  presence  of  salt  in  the 
substrate  increased  the  amount  of  root  relative  to  shoot  production  by 
the  salt-stressed  plants  (Table  1).  Analysis  of  kinetics  of  Rb  uptake 
showed  that  the  presence  of  NaCl  markedly  inhibited  the  absorption  of 
radioactive  Rb  by  the  root  tissue  (Figure  7).  This  may  be  the  primary 
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mechanism  of  growth  inhibition  by  salt  (Appendix  F) . The  requirement 
for  calcium  (Ca)  for  ion  uptake,  found  in  most  glycophytes,  is  intensi- 
fied in  altemif lora,  which  requires  about  five  times  higher  Ca 

levels  than  glycophytes  do.  Since  seawater  has  a high  Mg:Ca  ratio  and 
the  ions  are  similar,  the  role  of  Mg  in  ion  uptake  was  also  examined. 

It  did  not  competitively  inhibit  the  action  of  Ca.  In  fact,  it  substi- 
tuted for  it.  In  tests  with  intact  plants  as  opposed  to  seedlings, 

NaCl,  whether  given  before  or  during  the  period  of  Rb  absorption, 
reduced  Rb  uptake  to  less  than  40  percent  of  controlled  plants.  Pre- 
loading  the  plants  with  salt  was  more  inhibiting  than  when  given  at  the 
same  time  (Figure  8).  In  spite  of  this  inhibition  of  absorption,  the 
presence  of  10  g of  salt  in  the  substrate  did  not  affect  the  growth 
of  seedlings.  Plants  are  known  to  accumulate  some  salts  far  in  excess 
of  their  physiological  needs.  Presumably  these  salts  are  accumulated 
in  the  cell  vacuoles  where  they  are  thought  to  be  involved  in  main- 
taining an  osmotic  gradient  between  the  plant  and  its  environment. 

21.  The  results  presented  in  this  study  indicate  that  mechanisms 
of  ion  uptake  in  alterniflora  are  not  significantly  different  from 
those  of  salt-sensitive  plants,  at  least  in  terms  of  the  sodium- rubidium 
relationship.  The  difference  lies  in  the  ability  of  alterniflora  to 
tolerate  high  cytoplasmic  salt  concentrations,  which  lower  the  plant's 
osmotic  potential  in  relation  to  the  medium  in  which  it  is  growing. 

22.  A comparison  of  alterniflora  with  cynosuroldes  grown 
under  drained  and  flooded  conditions  sheds  light  on  the  adaptation  of 
these  two  species.  The  dry  weight  accumulation  by  alterniflora  was 
not  influenced  by  flooding,  although  the  root-to-shoot  ratio  doubled 
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from  44  to  87  percent.  In  contrast,  flooding  reduced  both  root  and 
shoot  growth  by  cynosuroldes  without  changing  the  root-to-shoot  ratio 
(Figure  9).  These  differences  In  the  two  species  are  clearly  related  to 
their  habitats  since  alternlf lora  Is  normally  found  In  the  highly 
reduced  Intertidal  zone,  whereas  cynosuroldes  grows  In  areas  that  are 
nearly  always  above  high  tide  level.  Measurement  of  photosynthesis  of 
the  same  two  species  under  drained  and  flooded  conditions  supports  the 
dry  weight  results  reported  above,  although  variability  among  plants 
precluded  statistical  treatment.  Spartlna  alternlflora  photosynthesis 
was  higher  In  flooded  sediments  than  In  drained  sediments,  whereas  the 
cynosuroldes  performed  better  In  drained  sediment. 

23.  These  greenhouse  tests,  combined  with  field  observation  of  the 
distribution  of  marsh  plant  species  In  relation  to  elevation  and  salini- 
ty (see  for  Instance,  Chabreck  1972),  begin  to  show  a consistent  pattern 
that  can  be  used  to  characterize  the  Ideal  environment  of  a particular 
plant  species.  Dlstlchlls  splcata,  for  Instance,  appears  to  have  a 
higher  salt  tolerance  than  alternlflora  or  cynosuroldes . Al- 
though the  latter  two  both  will  tolerate  apparently  about  the  same  salt 
levels,  cynosuroldes  Is  strongly  Inhibited  by  reducing  conditions 
whereas  alternlflora  Is  able  to  tolerate  them.  It  Is  pertinent  that 
the  effect  of  salt  stress  and  of  reduced  conditions  In  alternlflora 
both  lead  to  an  Increase  In  root  growth  at  the  expense  of  shoot  growth. 
This  Is  no  doubt  an  adaptive  mechanism  for  the  plant,  but  It  has 
Implications  for  the  substrate  also,  since  the  root  mat  stabilizes  the 
marsh  against  erosion. 
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Role  of  Light  and  Temperature  In  Marsh  Plant  Photosynthesis 

24.  Studies  of  community  metabolism  in  a S.  alternif lora  salt 


marsh  show  that  the  contribution  of  the  microbial  community  to  photo- 
synthesis is  maximal  in  the  winter  when  it  may  be  as  much  as  10  percent 
of  gross  photosynthesis.  The  macrophyte  becomes  more  and  more  dominant 
during  the  spring  and  summer,  however,  so  that  in  May  it  is  responsible 
for  more  than  95  percent  of  total  photosynthesis  (Table  2).  In  contrast, 
respiration  of  the  sediment  component  of  the  system  was  64  percent  of 
the  total  community  respiration  in  December  and  March  and  about  76 
percent  in  May.  This  the  microbial  component  of  the  system  (which 
includes  algae,  bacteria,  fungi,  invertebrates,  and  metazoans)  growing 
on  the  marsh  sediment  surface  and  the  lower  parts  of  the  culms  of  the 
dominant  grass,  is  an  active  consuming  community  and  seldom,  if  ever, 
net  productive. 

25.  The  gross  production  rate  of  alternif lora  was  signifi- 

cantly higher  during  December  and  March  than  in  May  and  July  (Figure 
10).  At  the  same  time  the  respiration  rate  also  decreased  from  about 
0.4  to  less  than  0.2  mg  carbon  (g  dry  wt  hr)“l.  Thus  during  the  winter 
months  the  respiration  and  the  photosynthetic  rates  per  unit  of  tissue 
were  both  high.  The  high  respiration  rate  during  the  winter  may  be  due 
to  the  high  proportion  of  old  shoots  at  that  time.  Since  there  is 
little  live  tissue  present  during  the  winter,  total  organic  production 
on  a unit  of  marsh  surface  is  low. 

26.  The  photosynthetic  rate  of  alternif lora  as  a function  of 

light  intensity  is  shown  in  Figure  11.  The  photosynthetic  mechanism  is 
such  that  the  plant  does  not  achieve  light-limited  rates,  even  at  full 
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light  intensity.  This  explains,  in  part,  its  extremely  efficient  and 
productive  growth  habit. 

27.  In  the  field,  photosynthetic  rates  did  not  appear  to  be 
changed  to  any  extent  over  a period  of  a single  day  by  changes  in  the 
salinity  or  the  depth  of  the  flooding  waters.  Thermocouples  in  the 
sediments  showed  that  the  root  temperature  was  stable,  seldom  varying 
as  much  as  a degree  centigrade  during  the  course  of  24  hours.  The  Eh 
of  the  soil  at  a depth  of  2 to  3 in.  was  also  rather  stable  and  changed 
very  little  during  the  tidal  cycle,  even  though  the  marsh  could  be 
exposed  to  air  for  several  consecutive  hours.  At  times  when  the  marsh 
was  exposed  for  several  days  in  a row,  however,  the  Eh  did  increase  and 
the  sediments  became  more  aerated.  The  marsh  sediments  themselves  then 
acted  as  a buffer  to  rapid  changes  in  salinity  and  Eh,  and  the  plant 
was  Insulated  from  wild  fluctuations  in  its  root  environment. 

Discussion 

28.  On  the  east  coast  of  the  United  States,  studies  by  Broome  et 

al.  (1975)  using  similar  analytical  techniques  showed  that  up  to  90 
percent  of  the  variability  in  alternif lora  yield  could  be  predicted 

by  a combination  of  soil  and  tissue  nutrients.  In  this  study's  survey, 
very  poor  predictability  was  found  in  Louisiana.  At  the  end  of  the 
growing  season  when  the  survey  was  conducted,  the  plant  may  no  longer 
have  been  responding  to  the  environment  as  it  did  at  times  when  it  was 
actively  growing.  The  indications  were  that  in  the  highly  organic 
sediments  of  the  Louisiana  coast  with  its  low  energy  tides,  alteml- 
f lora  can  grow  and  flourish  in  a broad  range  of  environments  and  that 
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the  growth  response  Is  not  clearly  linked  to  any  easily  measured  param- 
eter. Overall,  considering  the  other  research  reports  that  have 
appeared  concerning  this  species,  salinity  over  a broad  range  and  Eh  of 
the  soil  appear  to  be  the  most  critical  factors.  The  role  of  salt  has 
been  known  for  some  time.  The  role  of  Eh  has  not  been  as  clear; 
however,  the  differences  in  response  of  altemif lora  and  cynosur- 

oides  in  the  greenhouse  studies,  the  relation  of  tissue  sulfur  to  yield 
in  the  North  Carolina  studies  (Broome  et  al.  1975),  and  preliminary 
results  of  Patrick*  all  argue  to  its  importance  in  marsh  environment. 

29.  Photosynthetic  rates  on  the  marsh  are  controlled  closely  by 
light  intensity.  Although  microorganisms  are  the  major  consumers  in 
the  community,  the  grass  is  not  only  the  major  source  of  organic  pro- 
duction but  it  also  provides  a surface  for  colonization  by  the  micro- 
organisms; thus,  mud  flats  are  not  a substitute  for  salt  marshes.  They 
are  not  as  productive  of  organic  matter,  nor  does  the  flat  surface  of 
the  mud  provide  as  large  a surface  for  colonization  by  microorganisms. 

30.  The  marsh  sediment  appears  to  provide  a relatively  stable 
environment  for  the  roots  since  both  salinity  and  Eh  changes  are 
buffered.  As  a result  the  roots  of  the  plant  are  not  subjected  to  as 
rapid  fluctuations  in  their  environment  as,  for  instance,  the  surface 
of  the  marsh,  which  is  daily  flooded  and  drained  by  waters  that  vary 
widely  in  salt  content.  The  plants  respond  slowly  to  slow  shifts  in  a 
number  of  parameters  related  to  Eh,  with  response  times  of  weeks  or 
months  rather  than  days. 


* Personal  communication,  W.  H.  Patrick,  Jr.,  Center  for  Wetland 
Resources,  Louisiana  State  University,  Baton  Rouge,  La.  1977. 
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31.  In  addition  to  the  long-term  importance  of  salt  and  Eh,  it  is 


possible  to  pinpoint  the  importance  of  the  single  nutrient  N in  the 
saline  estuarine  system.  This  appears  to  be  a limiting  factor  in  salt 
marshes  from  New  England  to  the  gulf  coast  (Patrick  and  Delaune  1975; 
Broome  et  al.  1975;  Valiela  and  Teal  1975).  There  is  some  suggestion 
that  the  availability  of  this  nutrient  is  highest  in  the  early  spring 
and  that  growth  is  restricted  by  the  rate  at  which  inorganic  N becomes 
available  during  most  of  the  summer  months.  Circumstantial  evidence  to 
support  this  hypothesis  is  found  in  the  correlation  between  growth 
rates  that  are  highest  in  the  months  of  April  and  May  (Kirby  1971)  or 
earlier  (Appendix  G)  and  the  availability  of  inorganic  N during  the 
winter,  followed  by  its  rapid  disappearance  during  the  early  spring  (Ho 
1971;  Brannon  1973). 
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A MODEL  FOR  MARSH  CREATION 


32.  From  the  foregoing  discussion,  and  from  research  carried  out 
by  many  individuals  who  are  gradually  clarifying  functional  relation- 
ships in  coastal  marshes,  a general  model  emerges  that  should  be  of 
some  utility  in  creation  of  new  marshes  with  dredged  material.  This 
model  is  formulated  in  terms  of  three  key  growth  parameters  and  two 
control  loops  that  normally  stabilize  a marsh  and  determine  its  success. 
The  critical  parameters  are  salinity,  limiting  nutrients  (usually  N) , 
and  the  degree  of  chemical  reduction  (Eh)  of  the  soil.  The  latter  is 
controlled  by  the  Inundation  regime  (tide  range  and  marsh  elevation), 
organic  content  of  the  soil,  and  soil  porosity  (sediment  grain  size). 

The  two  control  loops,  which  Interact  through  marsh  vegetation  growth, 
can  be  called  the  marsh  elevation  loop  and  the  sediment  Eh  loop. 
Although  the  relationships  are  complex  and  quantitative  documentation 
incomplete,  the  following  conceptual  scheme  is  set  forth. 


Growth  Parameters 

33.  The  marsh  plant  "sees"  what  its  roots  contact — levels  of 
salt,  nutrients,  and  the  conditions  associated  with  a particular  Eh  of 
the  soil  (low  oxygen,  low  pH,  high  sulfides,  high  levels  of  soluble 
micronutrients,  etc.).  These  are  shown  diagrammatically  in  Figure  12 
as  soil  salinity,  turbidity  (nutrient  supply),  and  Eh,  which  directly 
control  the  rate  of  photosynthesis  of  the  marsh  plant  species.  These 
are  primary  controllers,  but  they  in  turn  are  controlled  by  other 
parameters. 

34.  The  water  budget,  that  is,  the  balance  between  rainfall  and 
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evapotranspiratlon  on  the  marsh,  influences  the  soil  salinity.  The 


source  of  salt  is  tidal  waters,  which  reach  the  marsh  through  a tidal 


regime  controlled  by  tide  frequency  and  amplitude,  with  the  actual 


inundation  dependent  on  the  elevation  of  the  marsh.  The  inundation 


regime  also  determines  how  much  silt  and  nutrients  reach  the  marsh 


surface.  Soil  Eh  is  also  influenced  by  the  inundation  regime,  which 


through  flooding  limits  the  oxygen  (O2)  supply  to  the  sediments.  In 


Figure  12  the  sign  of  the  growth  response  is  shown  in  the  interaction 


arrow:  increased  salinity  decreases  plant  growth  (sign  is  negative); 


increase  in  a limiting  nutrient  increases  plant  growth;  and  increased 


reduction  level  decreases  plant  growth  (although  this  is  not  so  clearly 


established) . 


Marsh  Elevation  Loot 


35.  For  a particular  site  the  elevation  of  the  marsh  controls  the 


inundation  regime  and  thus  indirectly  plant  success.  Normally  in  areas 


where  tides  are  strong  relative  to  fresh  stream  input,  the  marsh  cannot 


reach  an  elevation  above  mean  high  tide  (mht)  because  the  mechanism  of 


deposition  depends  on  flooding  waters  (Hinde  1954;  Johnson  and  York 


1915).  Most  marshes,  especially  with  highly  organic,  fine-grained 


sediments,  are  subsiding  slowly  as  the  sediments  compact.  In  order  for 


the  marsh  to  survive,  the  deposition  rate  must  equal  this  subsidence 


rate.  The  fact  that  this  normally  occurs  is  testified  by  the  relative 


stability  of  a marsh.  The  processes  controlling  this  marsh  elevation 


loop  are  shown  in  Figure  13,  which  for  simplicity  isolates  the  perti- 


nent portion  of  Figure  12. 
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36.  As  the  marsh  Increases  In  elevation  and  approaches  mht,  the 
frequency  and  vigor  of  inundation  decrease.  Consequently,  the  silt 
load  available  to  the  marsh  decreases  and  the  marsh  no  longer  Increases 
in  elevation.  This  aspect  of  the  process  is  self-limiting.  At  the 
same  time,  deposition  of  organic  matter  occurs  as  plants  die  and  dead 
tissues  drop  onto  the  sediment  surface.  When  inundation  is  vigorous, 
much  of  this  organic  matter  is  swept  out  of  the  marsh  into  adjacent 
waters,  but  as  the  marsh  becomes  more  elevated,  hydraulic  energy  de- 
creases and  more  of  the  organic  matter  remains  for  incorporation  into 
the  sediments.  In  this  process  high  inundation  energy  decreases  organic 
deposition  and  marsh  elevation.  Thus  the  organic  and  the  inorganic 
deposition  processes  complement  each  other. 

37.  When  marsh  elevation  is  low  and  Inundation  energy  high, 
inorganic  deposition  increases  in  importance  and  organic  matter  is 
exported.  When  the  marsh  elevation  is  high  relative  to  mht,  organic 
deposition  predominates  and  inorganic  input  decreases.  Normally 
neither  process  can  raise  the  elevation  of  the  marsh  above  mht,  since 
inorganic  deposition  requires  flooding  waters,  and  organic  deposits 
above  mht  are  oxidized  by  respiratory  processes. 

38.  Where  freshwater  Inputs  of  silt  are  high  and  floods  elevate 
waters  for  extended  periods,  permanently  exposed  bars  can  be  deposited 
above  mht.  This  is  merely  an  unusual  example  of  the  general  process. 

The  Important  point  is  that  the  processes  that  control  marsh  elevation 
tend  to  be  self-stabilizing  so  that  a marsh  functioning  within  normal 
ranges  of  elevation  tends  to  maintain  itself  at  that  elevation. 
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Sediment  Eh  Loop 

39.  The  second  control  loop  mentioned  earlier  involves  the  soil 
Eh.  Figure  14  outlines  this  loop.  The  degree  of  reduction  of  the 
sediment  depends  on  the  flooding  regime,  porosity  of  the  sediment,  and 
organic  content.  Response  to  inundation  depends  on  at  least  two  com- 
ponents of  flooding  that  do  not  always  vary  together. 

40.  First,  the  longer  the  period  of  inundation  the  lower  the 
oxygen  and  sulfate  (SO^)  supply  for  biological  oxidation,  and  therefore, 
the  more  reduced  the  substrate  will  become.  (Oxygen  and  S0~  are  probably 
the  primary  electron  acceptors  in  saline  water.  Carbon  (C)  can  become 
important  if  these  two  are  exhausted.)  With  frequent  flushing,  even  if 
the  total  inundation  is  unchanged,  more  oxygen  is  available  and  the  de- 
gree of  reduction  is  not  as  great.  If  the  sediment  is  porous,  0^  pene- 
trates deeper  when  periodic  drainage  occurs.  The  inorganic  grain  size 

is  a function  of  the  energy  of  the  flooding  waters  and  tends  to  increase 
with  increasing  energy. 

41.  The  other  major  influence  on  Eh  is  the  supply  of  organic 
compounds  available  for  oxidation.  Highly  organic  flooded  soils  are 
usually  very  anaerobic  (highly  reduced) . Once  again  the  processes  tend 
to  be  self-stabilizing.  If  inundation  energy  decreases,  the  proportion 
of  plant  production  deposited  on  the  marsh  increases.  This  results  in 
an  increase  in  the  degree  of  reduction  of  the  soil,  which  in  turn 
probably  Inhibits  plant  growth,  reducing  the  supply  of  organics  to  the 
sediment.  As  a result,  elevation  tends  to  decline  and  the  Inundation 
energy  to  increase  and  reverse  the  process. 
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Loop  Interactions 

42.  Figure  15  combines  both  control  loops  with  the  marsh  growth 
model  discussed  above,  showing  how  they  interact.  The  point  of  sta- 
bility of  a particular  marsh  depends  on  the  magnitude  of  the  major 
Inputs — silt  and  nutrients,  tloal  energy,  salt,  and  the  water  budget. 

In  addition,  the  mean  temperature  and  the  solar  input  determine  the 
magnitude  of  potential  photosynthesis. 

43.  In  the  nearly  subtropical  Louisiana  marshes,  the  organic 
content  of  the  soil  is  a good  index  of  the  balance  of  these  processes. 

As  shown  in  Appendix  A,  those  alternlf lora  marshes  with  highest 
tidal  energy  have  the  lowest  organic  content.  Sediments  in  the  brackish 
and  fresh  marshes  that  are  very  poorly  flushed  are  highly  organic  (up 

to  80  percent),  depending  almost  entirely  on  organic  deposition  to 
counteract  the  normal  subsidence  rate.  On  the  middle  Atlantic  coast, 
the  relatively  high  tidal  energy  results  in  much  coarser  sediments,  but 
the  sediment  grain  size  decreases  and  organic  content  increases  with 
marsh  elevation,  as  predicted  from  the  model. 

44.  For  establishment  of  new  marsh,  the  model  suggests  that  the 
characteristics  of  the  sediment  (excluding  obviously  toxic  materials) 
are  not  as  important  as  initial  elevation.  After  a sward  of  grass  is 
established,  natural  processes  should  act  to  change  the  marsh  toward 
the  dynamic  equilibrium  conditions  dictated  by  the  natural  driving 
forces. 

45.  The  elevation  range  seems  to  be  critical.  At  elevations  low 
with  respect  to  mht  and  the  tidal  range,  it  may  be  difficult  to  establish 
a marsh,  and  eroslonal  processes  may  override  natural  deposition. 
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Above  mht  in  saline  areas,  evapotranspiration  and  rare  flushing  can 
often  result  in  large  accumulations  of  salt  in  the  upper  soil  crust, 
preventing  growth  of  even  the  most  salt-tolerant  species  (Gosselink  et 
al.  1971). 

46.  At  elevations  in  the  upper  range  of  the  intertidal  zone, 
however,  there  are  plant  species  that  flourish  in  almost  any  regime. 
This  is  illustrated  in  Table  3,  which  identifies  from  these  studies  and 
the  excellent  reference  of  Chabreck  (1972)  the  preferred  salinity  and 
Eh  of  several  marsh  plant  species  in  Louisiana  marshes. 
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Table  2 


S.  alternlflora  Metabolism  at  25°C 


Percent  of  Marsh  Community  Metabolism* 


December 

March 

May 

1975 

1976 

1976 

Gross  Photos5mthesis 

89  ± 6 

92  ± 6 

96  ± 3 

Respiration 

36  + 11 

36  ± 5 

24  ± 9 

* 


Means  are  shown  with  standard  deviation. 


Agrostologlst,  Dept,  of  Botany,  Smithsonian  Institute,  Washington, 


Biom 


09*0 


n0Z<  luaiuipas 


Figure  5.  Change  in  the  proportion  of  the  coarse  sediment  fraction  to  total  Inorganic 
sediments  with  distance  from  the  gulf  and  from  local  bayous. 
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course  of  rubidium  uptake  by  alternif lora  roots  in  the  presence 
and  absence  of  NaCl. 
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Figure  9.  Relative  growth  of  alterniflora  and  cynosuroides 
in  drained  and  flooded  sediments. 
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Figure  12-14  combined  to  show  interaction  among  processes 
controlling  marsh  success. 
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Introduct 1 op 

1.  Productivity  of  the  salt  marsh  grass  S.  altemi flora  has  been 
srudli'd  intensively  by  a number  of  individuals  in  a number  of  locations 
on  Che  east  and  gulf  coasts  of  the  United  States  (Hopklnson  et  al. 

1976).*  As  accurate  productivity  a isessment  requires  sequential  measure- 
ments of  plant  biomass  over  at  least  1 year  in  a single  location,  these 
studies  have  been  Intensive  rather  than  extensive  and  have  yielded 
llttl:.  Information  about  geographic  vailatlon  In  prodivtlvlty  of  this 
species.  In  Louisiana,  fhabreck  cC  al.  (1968)  described  the  areal 
extent  of  the  salt  marsh  dominated  b}-  altemif lora,  but  they  did  not 

attempt  to  show  areal  variation  in  the  vigor  or  blomoss  of  this  species. 
In  fact  only  two  studies  af  altemif  lora  productivity  (Kirby  and 

Gosselink  1976,  Hopklnson  et  al.  1976)  have  been  completed  in  Louisiana, 
so  that  little  Is  known  about  the  variation  in  altemif lora  production 
In  these  extensive  (255,081  ha)  marshes.  Turner  (1976)  analyzed  the  data 
from  a number  of  studies  in  the  United  States  and  showed  that  In  general 
the  productivity  of  this  species  Increases  with  decreasing  latitude,  a 
relationship  apparently  closely  related  to  mean  air  temperatures. 

2.  A wide  local  variation  in  production  (Nixon  and  Ovla''t  1973)  is 
presumably  superlraposco  on  this  latitudinal  gradient.  Differences 
between  streamslde  and  Inland  production  have  been  widely  reported  in 


* Reft  .'cncen  listed  at  the  end  of  the  appendix. 
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both  the  east  and  gulf  roasts  (Kirby  and  r.cssellnk  1976;  Smalley  1959; 
Williams  and  Murdoch  1969;  Morgan  1961).  In  addition,  production  can  be 
expected  to  vary  as  nutrients,  suHatrate,  elevation,  and  othi r factors 
change. 

3.  As  Indicated  previously,  accurate  measurement  of  primary  pro- 
duction requires  detailed  sampling  through  time.  For  this  study, 
however,  peak,  biomass  has  been  used  as  an  index  of  production.  Tlie 
limitations  of  this  Index  have  been  reported  elsewhere  (Hopkinson  et  al. 
1976),  but  its  use  enables  broad  coverage  of  an  area  with  a reasonable 
field  effort.  The  variation  in  end-of-the-season  peak  biomass  is  de- 
scribed in  this  study  as  related  to  the  distance  from  three  primary 
influences  along  the  Louisiana  coast:  the  Mississippi  River  on  the  east 
(Mississippi  River  effects),  the  Gulf  of  Mexico  on  the  south  (gulf-lnlnnd 
gradient),  and  local  bayous  within  the  wetlands  (streamside  effects). 

6.  The  Mississippi  River  jours  immense  quantities  of  nutrients  and 
sediments  into  the  coastal  Gulf  of  Mexico  waters.  These  fresh  waters  are 
carried  generally  westward,  theli  Influence  on  the  coastal  marshes 
attenuating  as  they  move.  This  study  evaluated  the  effect,  if  any,  of 
the  Mississippi  River  discharge  on  the  biomass  of  S.  altemif lora  at 
different  locations  westward  along  the  Gulf  coast. 

5.  Louisiana  marsh  vegetation  associations  occur  In  fairly  cle.ir-cut 
zones  parallel  to  the  gulf  coast  (Cliabreck  et  al.  1968).  The  southern- 
most zone,  the  salt  marsh.  Is  dominated  by  S.  altcrnlf lora,  which  lies  on 
a gradient  of  decreasing  mean  salinity  and  decreasing  tidal  energy  with 
distance  inland  ! rom  the  coast.  At  the  landward  extreme  of  the  salt 
marsh  zone,  S.  patens  and  other  characteristic  brackish  species  become 
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doirinant  instead  of  S.  altemlf lora.  The  field  sampling  design  In  this 
study  permitted  cvuluatlcn  of  changes  It'at  occur  In  S.  altornlf lora 
growth  parameters  across  this  gradlini  Inland  from  the  coast. 

6.  Finally,  the  study  also  evaluated  the  relationship  of  growth 
parametets  to  the  dl.stance  from  tidal  bayous  and  lakes.  In  Louisiana 
marshes  the  natural  levee  of  tidal  water  bodl  .-s  is  slightly  elevated 
(about  7 cm  above  the  mean  marsh  elevation),  and  tills  s t reams  1 do  locatlen 
stimulates  vigorous  growth.  The  width  of  the  levee  uepends  on  stream 
flow;  in  this  study  it  was  always  less  than  50  m.  Klevation  decreases  on 
the  back  slope  of  the  natural  levee.  Locations  in  rhe  marsh  away  from 
the  bayou  sustain  lower  yields  of  S.  altcm  If  lora  telrby  and  Gosselir.k 
1976). 


Methods 

7.  Sampling  locations  were  chosen  along  four  transects  extending 
inland  from  the  Gulf  of  Mexico  across  the  east  and  west  sides  of  two 
large  Interdistributary  basins  (Figure  Al).  The  locations  of  the.se 
transects  enabled  evaluation  of  the  Mississippi  River  effects.  The 
Barataria  Basin,  lying  just  west  of  the  ‘.lississippi  River,  is  more 
Influenced  by  the  river  than  the  Terrebonne  Basin,  west  of  Barataria. 

Each  transect  extended  from  the  gulf  to  the  landward  limit  of  the  salt 
marsh,  ae  Identified  by  Chabrcck  et  al.  (1968).  The  transects  generally 
followed  major  bayous:  Bayou  Sale  and  Oak  Bayou  In  Terrebonne-W;  Bayou 
Blue  In  Terrebonne-E;  Bayou  Ferblanc  In  T.arataria-W;  and  Grand  Bayou  in 
Barataria-F.  The  five  sampling  locations  on  each  transect  allowed 
evaluation  of  the  gulf-inland  salinity  gradient.  At  eacn  of  the  five 
sampling  locat  ons  on  each  transect,  subtransects  extended  Into  the  marsh 
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from  the  elge  of  the  b.iyou  with  sample  stations  at  1 to  3,  50,  100,  and 
175  m.  T1  ese  stations  were  used  to  evaluate  the  strtaraslde  effect.  At 
each  station  dupllcat:  0.25-m^  quadrats  were  harvested.  ’\ie  of  these  was 
chosen  at  random.  Tr  e second  had  one  edge  In  conjnon  with  the  first  in 
order  to  avoid  l ias  .n  the  sample  selection  because  of  ttie  clumpy  hat  It 
of  al ternl f ' ora. 

8.  Samples  were  collected  during  September  1974,  the  tine  of  p<  ek 
live  biomass  In  Louisiana  marshes  (Hopklnson  et  al.  1976;  K'rby  ar  I 
Cos.selink  1976).  All  vegetation  in  the  plot  was  harvested  at  ground 
level;  separ.ated  Into  live  tissue,  dead  tissue  stripped  from  live  culms, 
dead  CLlna,  ard  sp.-cles  ocher  than  al  ternl  flora;  and  then  drl^d  at 
80®C  and  weighed.  Density  and  average  height  of  live  culius  were  also 
recorded. 

9.  Statistical  treatment  of  the  data  employed  the  Statlstlccl 
Analysis  S/sttm  software  program  (Service  197?). 


Results  end  D1 scussl on 

Varlabl ilty 

10.  The  end-of-season  hiomasB  of  S.  al tnrnlf 1 on  varied  widely  c'  er 

the  marshes  sampled.  Ignoring  cau.ses  of  this  variabllltv . live  bloirass 
ranged  from  0 to  2244  g m"*-  with  a mean  of  f60  g ni“^  and  a standard 
deviation  of  349  g Tliese  figures  emphasize  the  natural  van.  billt 

of  the  rarsh  and  point  up  the  need  for  care  in  selection  of  snrpilr.g 
locations  and  In  Interpretation  of  result,';  from  field  tests  it  restricted 
locations. 

11.  Table  Al  summarizes  analyse.s  of  variance  for  salictid  gi  -wth 
par.imeters.  Not  only  are  the  main  sources  of  v-rrlance  highly  significant, 
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but  the  Intt^ractiuns  are  also  highly  significant.  For  instance,  for  •.  11 
measured  growtli  (ntr-rineccrs , the  gulf-lulnnd  gradient  .along  each  transect 
had  a different  slope.  The  following,  sections  discuss  the  major  components 
of  the  variation  found  in  S.  al t ern if lora  growth  parameters. 

Distance  from  His s 1 ^ liipl  River 

12.  Figure  A2  shows  live  and  litter  biomass  of  S,  alternlf lora  and 
the  total  biomass  of  all  species,  averaged  for  each  transect.  The  live, 
litter,  and  total  hlom.ass  all  vary  in  the  sane  manner.  Orthogonnl  com- 
parisons show  that  mean  blrmass  is  higher  it.  Earatarla  than  in  Terrebonne 
narsites,  and  that  values  from  the  west  side  of  each  basin  arc  higher  than 
those  on  the  east  side.  The  rtisot.5  for  these  differences  are  not  ob- 
vious, and  the  significant  interactions  complicate  the  picture,  as  will 
be  discussed  below. 

13.  The  BaraLaria  Basin  ts  undouhtcd'.v  i-ore  strongly  influenced  by 
the  Mississippi  River  than  the  lerrebonne  Basin,  and  this  may  relate  to 
the  lilgher  t)ionass  of  Barat.'Tla  B.ny,  hut  causes  of  the  east-west  differ- 
ences Within  basins  r.re  obscure.  Marshes  on  il  e west  side  of  each  basin 
aic  iore  . xtcnslve  as  well  as  more  vigorous.  Factors  that  could  be 
Implicated  In  these  differences  are  the  peomorphology  of  the  basins  and 
the  predominant  southeast  winds  Mewing  into  the  west  sides  of  the  basins, 
it  is  pertinent  to  note  that  the  sampling  sites  for  two  recent  studlt.a  of 
S.  a.l.ternij lora  productivity  Oiopklnson  et  al.  I97fi;  Kirby  and  Gossellnk 
1976)  were  boih  along  ilu  I’arat ar I a-wesi  transect  line  and  thus  may  have 
been  In  narshis  of  ahove-average  productivity. 
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Cu 1 f- ini  an d_s  a llnlty  gradient 

14.  An  analysis  of  the  biomass  change  along  each  transect  sheds 
some  light  on  the  average  transect  values  of  Figure  A2.  Figures  A.l  and 
A4  show  live  and  total  biomass  values  at  five  locations  on  each  transect. 
These  locations  lie  on  a gradient  from  the  least  saline  inland  limit  of 
the  S.  altf rnlf lora  marshes  (Station  1)  to  the  Gulf  of  Mexico  (Station 


15.  Except  for  the  Baratarla-E  transect,  biomass  very  generally 
decreased  from  north  to  south,  as  salinity  and  tidal  energy  increased. 

The  Inland  stations  along  the  Baratarla-E  transect  appeared  to  be  highly 
Impacted  by  petrochemical  activity.  The  figures  show  that  the  main 
difference  between  the  Baratarla  and  Terrebonne  values  occurs  at  the 
stations  near  the  gulf,  where  biomass  at  stations  4 and  5 are  much  higher 
in  Baratarla  than  in  Terrebonne  marsbes.  These  productive  stations  are 
those  that  would  be  expected  to  experience  the  strangest  influence  of  the 
MisslsBlppi  Fiver.  In  tddltloi.  they  are  more  sheltered  by  the  barrier 
Islandj  of  the  Baratarla  Basin  than  arc  the  more  exposed  Terrebonne 
marshes. 

16.  The  increase  in  total  biomass  with  increasing  distrnce  frem  the 
gulf,  is  shown  more  clearly  in  Figure  A5.  More  than  90  percent  of  the 
gulf-inlr.nd  variation  in  total  biomass  can  be  accounted  for  in  linear 
regression  (Table  A2) . Clearly  most  of  this  change  In  total  biomass  is 
related  to  changes  in  the  biomass  of  species  other  than  S,  alt  ernif lora. 
In  contrast  there  is  no  convincing  e'’idcnre  that  cither  the  live  or  the 
litter  biomass  of  S.  alterni flora  varies  in  any  consistent  manner  frtm 


north  to  south,  l.lnenr  regressions  of  live  and  litter  9.  alternlflora 
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biomass  on  distance  from  the  gulf  accounted  for  Icsa  than  10  percent  of 
the  variation.  V.ien  individual  transects  were  analyzed,  as  In  Figure  A3, 
live  S.  altornlf lora  biomass  in  Terrebonne  marshes  decreased  from  north 
to  south.  However,  in  Barataria  marEhes  'his  trend  was  reversed  at  the 
two  stations  closest  to  the  coast.  Tills  was  explained  as  an  influence  of 
the  Mississippi  River  and  of  the  degree  of  protection  afforded  by  the 
barrier  Islands. 

Streaaslde  Influence 

17.  Figure  A6  shows  the  Influence  of  distance  of  the  sample  plot 
from  a local  bayou  on  biomass  ptirameters.  As  expected  from  previous 
work,  the  streamsldc  plots  contained  lucre  live  vegetation  thin  the 
plots  50,  100,  or  175  m Inland.  It  is  Interesting  to  note,  lowtver, 
that  statistically  this  effect  did  not  held  true  for  other  specie.;  In  the 
plots,  although  the  tendency  as  the  sarat . It  is  also  Interesting  that 
the  streamslde  effect  on  ll-e  S.  al tern'.t'iorti  biomass  was  most  pronounced 
at  the  stations  farthest  from  the  gulf  (Figure  A7). 

18,  Two  obsentatlons  nay  help  to  explain  these  results.  First, 
tidal  energy  decreased  with  distance  from  the  coast.  The  stations 
farthest  from  the  gulf  therefore  received  less  tidal  energy  and  this 
energy  was  dissipated  closer  to  the  edges  of  the  bayous,  cocnared  to 
stations  closer  to  the  coast  where  tides  more  frequently  inundated  the 
vihole  m<ir8h.  In  addition  the  marsh  was  much  more  broken  up  near  the 
coast  than  It  was  upslream;  tliat  Is,  sni.ill  tidal  channels  penetrated  the 
marsh  in  a fine  network.  It  Is  likely,  therefore,  that  although  an 
effort  was  made  to  r.elert  uniform  gradients  for  each  subtransect , some  of 
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the  s«r,)la  ploi^  100  and  175  ta  from  the  main  water  body  on  whlcl.  tbj 
subtrant-ect  originated  were  actuaV"  closer  to  another  tnlnor  ctiannel. 

The  i.trfiinsiJe  effect  shows  clearly  when  conpailng  the  streamslde  to  the 
50-iu  inland  sa^iples.  Values  at  100  and  175  in  should  be  Interpreted  witb 
caution. 

Tillers 

19.  Spartlna  altemlf lora  f'owers  and  matures  fruit  during  Septem- 
ber in  Louisicna.  Figure  A8  shows  that  the  distribution  of  flcwering 
tillers  was  far  from  random.  Flowering  was  concentrated  un  the  Barataria- 
east  transect  at  the  upper  (fresher)  ends  of  the  transects  and  away  from 
the  stream  edge.  Analyses  or  the  interactions  suggosl  a patchy  occurrence 
of  flowering  rather  than  any  systematic  gradients  (the  coefficient  of 
variation  w.is  a high  49  percent),  although  the  effects  are  all  highly 
signffioant  statistically. 

Env  li  onincntal  f actors  related  to  biotiinss 

20.  Tl'c  physical  gradients  of  ma)or  concern  in  this  study  were 
those  .sEsocinteJ  with  distance  from  the  Gulf  of  Mexico,  especially  r Inl- 
ty  and  tidal  energy.  Both  have  been  implicated  in  many  studies  of  the 
productivity  and  dlstrlbui Ion  of  S.  altemlf lora  (Odum  and  Fanning  1973). 

Figure  A9  shows  how  salinity  in  the  bnvoii  aijacent  to  each  subtrnnsccl 
decreased  with  distance  Inland  from  the  gull.  It  Is  tioro  difficult  to 
document  the  .attenuation  of  tidal  energv  ,aw,ay  from  llie  co. ist,  hut  Figure 
AlO  shows  tlio  decrease  in  tidal  amplitude  on  a gulf-inland  gra  llent  in 
Barataila  B.  y.  Triis  Is  asseriat  d with  a decrease  in  the  f rcciucncy  of 
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Inundjtlon  of  the  c-arsh,  alcliough  the  total  period  of  Inundation  per  year 
Is  not  greatly  affected  (Byrne  ef  al.  1976). 

21.  Marsh  -scdlrent  cliaractcrlst  Ics  are  controlled  to  a large  extent 
by  the  tidal  regime.  Two  parameters  related  to  march  productivity  are 
sediment  -'r  tin  size  and  organic  conte.it.  The  Intcrdlstrlbutary  basins  of 
this  study  contain  almost  no  sands  ln.shore  of  the  barrier  Islands.  The 
coarsest  sediment  particles  are  fine  slits.  As  tidal  energy  decreases, 
the  coarser  particles  drop  out  of  the  water  column.  Tills  is  shown  In 
Table  A3  as  a negative  correlation  between  the  percentage  of  sediment 
grains  greater  than  20  u in  diameter  and  distance  from  the  gulf  and  also 
In  Figure  All  as  a decrease  in  the  coarse  mineral  component  of  the  sedi- 
ment with  distance  from  tlie  gulf  and  100  n or  more  from  the  edge  of 
bayous. 

22.  Organic  content  of  the  sediment  is  a result  '.f  complex  processes. 
Aaiong  these  are  the  nignltude  of  primary  production  and  the  tidal  energy 
available  to  move  organic  detritus  off  the  marsh.  These  processes  result 
(Figure  A12)  in  a clear  statistically  slgnlf lc.'int  gulf-inland  gradient  of 
increasing  sediment  organic  content  with  distance  from  the  gulf  and  an 
increasing  organic  content  with  distance  from  the  edge  of  a bayou  (streara- 
sld.  el  ect) . 
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23.  The  gradients  of  sali-.liv  and  t^-’-i  energy  described  In  Figures 
A9  and  AlO  have  ro  sham  effect  or.  .•irher  the  live  or  the  dead  S.  aUemjl^- 
flora  blor.c,!.B.  Tl\<  le  is  n.'.'  significant  correlation  between  these  l)lom.a;iS 
pnrai.'elets  .and  salinity  (Table  A();  aJtlitru  .h  they  u i lenel.ile  ve.  kiv 
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with  distance  from  the  gulf.  Figure  A5  and  Table  A2  show  that  the  gradi- 
ent Is  not  convincing.  On  the  other  hand  the  presence  of  other  species 
does  Increase  as  salinity  decreas's  (Table  A2  and  A3,  Figure  A5) . As  a 
consequence,  total  biomass  (live  and  dead  of  all  species)  Is  strongly 
negatively  correlated  with  salinity  and  positively  correlate<'  with 
distance  from  the  gulf.  The  Implication  for  alternif lora  seems  to  be 
that  this  species  Itself  is  not  strongly  Influenced  by  salinities  In  the 
range  encountered,  but  that  at  It w salinities  other  plants  are  able  to 
compete  successfully  with  It. 

24.  The  data  also  indicate  that  altc-rnif lora  Is  dependent  on 
tidal  action  per  se,  as  distinct  from  salinity.  This  is  shown  by  the 
Increased  treamslde  effect  seen  on  the  subtvansects  farthest  from  the 
gulf  (Figure  A7),  where  the  frequency  of  tidal  flushing  is  diminished 
and  Its  effect  co\fined  more  to  the  edges  of  waterways.  As  Figure  A6 
shows,  other  species  In  this  study  showed  no  streamsldc  stimulation, 
although  such  stimulation  has  been  documented  for  fresh  marsh  species  by 
Buttery  and  Lambert  (1965). 
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Analyses  of  Varijner  of  S.  altcrnlflora  Bi  mass  I’arar.cH-r 


Sources  of  Variance 


Mississippi  River 

Culf-inland 

Streamslde 


Mississippi  Rlvt.'  X 
Culf-inland 
Mississippi  River  x 
Streamslde 
Culf-inland  x 
Streamslde 
Mississippi  River  x 
Gulf-inland  x Strear.side 


Coefficient  of  Variation 


* denotes  P <0.05 
**  denotes  P <0.01 


Table  A2 
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Tabic  A3 

Simple  Correlation  Matrix  for  Crovt h rarnmcters.  Salinity,  and  Substrate 


BloloKlral T^yslcal 


1 

2 

3 

i* 

5 

6 

7 

8 9 

10 

Live  S.  altenilflora 

0.53 

ns 

0.72 

0.59 

ns 

ns 

ns  ns 

0.49* 

Pead  alternlflora 

ns 

0.59 

0.23 

ns 

ns 

0.27  ns 

0.42* 

Other  Species  BloDwtss 

0.64 

-0.30 

-0.46^ 

0,32 

ns  -0.26 

0.46* 

Total  Biomass 

0.16* 

-0.55 

ns 

ns  ns 

0.64 

Stem  Density 

ns  - 

•0.30 

ns  0.25* 

ns 

Salinity 

nr 

ns  ns 

-0.80 

Sedlnw.-nt  Organic  (T) 

-0.24*  -0.81 

0.53* 

Sedlmiinf;  Clay  (<20  n) 
Sediment  Fraction  (>20  n) 
Distance  { rom  Gulf 

-0.33 

m 

-0.47 

Note:  Niinijers  In  matrix  are  correlation  coefficients  when  P<0.01,  except 
where  denoted  by  *,  in  which  case  P <0.05. 


* y/f-'  f 


:>  ^(D  }i.<i';‘-;.-'S^><4;:'- 


Terre  W Terre  E 


Basin 


Each  value  Is  a r.can  of  40  punHrats.  I.lvc  and  dead  vcp.ctallon 
are  S.  a 1 1 erni f 1 ora  only.  Total  vepetatlon  includes  other 
species.  All  dillerencos  are  statistically  slRnlflcanl  at  the 
r <0.01  level. 


litter,  .ind  tot.tl  h f of  Vepet.it  ion 

on  tour  transects. 


Borutoria  W 


Terrebonne  W 


Bnrotaria  E 


Terrebonne  E 


Pojilio  1 on  Troniecl 


I'tsure  a4.  V-rliMon  In  total  b 
pulf-lnland  trj  aaci.ts.  Kac.i  p. 


ioa.mri  ol  all  voRoiat  Ion  alonft  fou 
.i.nt  ill  a nc.in  of  clpht  quadratH. 


Distance  from  Bayou,  m 

Note:  Ciirve(^ls  farthest  Inland:  rurve(3)  Is  ndlarent  to 
the  pulf.  Kach  point  Is  a nioan  of  oipht  quadrats. 


Fipure  A7,  Differenres  in  tt\c  r.lreariside  effect  on  live  hionass 
of  S.  al  i erjii  f lorn  witli  distance  Iron  the  lailf  of  Vexlco. 


Change  in  Wjfer  level 


Boyou  Chevr«ui)  near  Chegby 


Boyou  Dei  Alleirondt  ot  Dej  Allemondi 


Boyou  Borotaria  at  Baralaiio 


A/vW\,' 


Boyou  Bcrnloria  at  lohtte 


John  the  -fool  Boyou 


Aitplonn  lake 


?C27?b2030  3l 


Oclobet  1V72 


O»stoncf  fom  Cwff 


Lo-iiislana  S.  al  t oriil  f lor.-i  rnrshea. 


APl'KNDIX  B:  SOIL  AND  TISSUF!  KUTRIlirrS  IN  I.Ot':SIA‘’A  MAKSHI.S  AM)  THEIR 
RF.IATICNSIUP  TO  TliF.  YIT.I.n  OK  SI'ARI  INA  Al. TERM  KI  OKA 


Int  rodiict  1 on 

1.  The  salt  manh  grass  Spart  1 na  nl  ternl  1 lora  has  been  shown  to  be 
a highly  productive  grass  (Hopklnson  et  nl.  1976;  Turner  1976).*  In  a 
number  cf  dllfcreiit  studies,  this  productivity  has  been  shown  to  be 
related  to  latitude  (Tun;er  1976),  to  elevation  (high  vs.  lew  marsh, 
Snalley  1959),  to  tidal  energy  ISrhleske  and  Odum  1971)  to  salinity 
(Nixon  and  Ovlatt  1973;  Iiroooe  et  al.  1975a),  to  available  nitrogen 
(Broome  et  el.  1975b;  Vallel.’.  u-.t  Teal  1974;  PatrlcV  and  DeLaune  1975), 
and  to  soil  redox  potential  (Eh)  and  pH  (Ganhrell  et  al.  1977), 

2.  Under  natural  conditions  In  Louisiana  marshes,  variability  In 
yield  Is  high.  In  a recent  study  (Appendix  A),  Cossellnk,  Hopklnson, 
and  Parrondo  have  related  this  variability  to  salinity,  tidal  energy, 
and  narsh  elev.itlon  gradients.  This  appendix  examines  the  lame  data  In 
order  to  determine  to  whnt  extent  nutrient  differences  resulting  from 
the  natural  hydrologic  and  geologic  processes  at  work  in  the  marsh  can 
be  related  to  the  yield  of  marsh  vegetation. 

3.  broome  et  al.  (197S.i)  conducted  a similar  study  In  North 
Carcllna  ■ nd  were  able  to  account  for  about  9r)  percent  of  the  yield 
varlatlrn  through  stepwise  multiple-regression  techniques.  .Salinity  ot 
the  soil  solution  and  tissue  sulfur  (S)  and  manganese  (Mn)  were  Ir.por- 
tsnt  factors  In  yield.  Nixon  and  Ovlatt  (1973)  found  aailnitv  In  Niv 


* Rtferencea  at  end  of  this  /■[■pendlx, 

hi 


t '• 


England  salt  trarshes  to  be  negatively  correlated  with  yield.  Both  of 
these  studies  showed  S.  alternl  flora  yield  to  he  negatively  •ireliited 
with  salinity  of  the  surface  water,  although  the  relationship  was  not  ns 
strong  as  laboratory  and  greenhouse  studies  suggest  It  should  be  (Adams 
1961;  Cosselink  1970;  Mooring  et  ;il.  1971;  I’hleger  1971,'.  In  recent 
pot  culture  tests,  Cambrell  et  al.  (1977)  have  shown  that  reduced 
soils,  in  combination  with  low  pH,  reduce  yield.  Since  reduced  soils 
Increase  the  level  of  toxic  culfldes,  this  Is  also  one  explanation  for 
the  negative  correlation  between  tissue  sulfur  and  yield  In  the  study  of 
Broome  et  al.  (1975a). 

4.  Louisiana's  salt  marshes  are  different  In  many  ways  from  the 
east  coast  marshes  In  which  previous  studies  have  been  localized.  The 
extent  of  these  marshes  (41  percent  of  the  total  U.S.  wetlands),  the 
extremely  low  relief,  the  0.3-m  average  diurnal  tide  range,  the  highly 
organic  soils,  and  the  strong  Influence  of  the  Kisslsslppl  River  on  the 
salinity  and  nutrient  budgets  of  the  estuaries,  all  combine  to  make 
these  marshes  unique.  This  study  cxamlni'd  the  spatial  distribution  of 
nutrients  in  two  interdistributary  basins  In  coastal  Louisiana  and 
related  this  distribution  to  the  yield  (peak  live  biomass)  of  S. 
alternl flora. 

Methods 

5.  Some  196  quadrats,  each  0.25  n^,  were  harvested  In  the  salt 
marshes  of  the  Raratarla  and  Terreboiu.e  vatersheus  of  coastal  Louisiana 
dv  Ing  September  1974.  Details  ot  the  sarpllrg  plan  are  desci  Ihed  In 
Appendix  A.  Sunmiiarlzlng  these  detall'i,  four  transects  were  estal  llshia 
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running  fron  the  Culf  of  Mexico  to  tlu  Inland  of  the  nalt  marHh 

in  two  wnterBhed-i  ues'  cf  the  MlHslsslppI  River.  On  lach  transect  live 
subtranbectu  were  efltabllbhed  perpendicular  to  the  banks  of  a bavou  and 
quadrats  were  harvested  In  pairs  at  1,  50,  100,  175,  and  250  o 1 rom  the 
bayou  (Figure  Bl>.  Live  vegetal  h-n  was  dried,  ground  In  a Wiley  mill, 
and  anelyred  for  13  elements  by  spectrogr-^pMc  melhoils.  Analyses  were 
completed  by  the  Plant  Analysis  Laboratory,  University  of  Georgia, 

Athens,  Ca.  Nitrogen  (N)  content  was  determined  by  .he  mlcro-KJeldanl 
method  (Bremner  1965)  by  tlie  same  laboratory.  Soil  samples  (3-ln.-deep 
cores)  from  the  paired  quadrats  were  combined  Into  single  samples  for 
analysis.  These  were  air  dried,  ground,  then  analyzed  for  fractions  greater 
than  and  less  than  20  a,  organic  content  (OM) , and  the  0.1  N Hfl 
extractable  elements  '•.v'  Jlum  (Na) , potaaslum  (K)  , calcium  (Ca) , and 
magnesium  (tig)  as  described  by  Brupbacher  et  al.  (1968).  Salinity  of 
surface  water  waa  determined  In  altu  with  a refractometcr. 

6.  The  data  were  sub.lecttd  to  analyses  of  variance.  Simple  corre- 
lation techniques  and  multiple  stepwise  regressions  were  used  to  eluci- 
date the  relationships  among  variables. 

Resul ts  and  OlHCusr.lon 
Dlstrtl nr  Ion  of  soil  ar d * ssue  nutrients 

Soil  parameter-. ■ Table  B1  records  the  results  of  btatlsilcal 
analyses  of  variance  of  soli  and  tissue  parameters.  >>l  all  toll  p.ir.im- 
ilci'  >1  .inlc  i on<  *n  1 1 .It  i 'n  v. tried  the  luost  pred  1 , t .ih  1 y . It  we  .ils.) 

clcs,  elated  to  changes  In  soil  cations.  Figure  B2  shows  the  spatial 
main  fradlents  all  statistically  hlghlv  significant  (P  «0.01):  organic 

113 


I 


perccntiif.e  wa«  lv«  tr  on  Iht-  Tir rcbonnu-West  transpct  ilian  on  tlic  other 


three;  It  Increased  Iron  lit  fiuf- inland  toward  fresher  water,  and  waa 
iilfher  awuy  f i o’o  the  edRoa  of  hay  uh  (ICO  and  175  m)  than  on  the  streani 
banks.  Tlie  latter  two  Rradlcnts  were  Inversely  asBoclated  with  a re- 
duction in  tidal  enersy  with  distance  from  the  ody.eB  of  streauiH  and  from 
the  Gulf  of  Mexico. 

b.  Table  E2  shows  that  the  concentration  of  ma]or  soil  cations  was 
positively  correlated  with  soil  organic  concentration.  This  Is  to  soise 
extent  a result  of  the  reporting  convention  for  agricultural  soils  (used 
In  this  study),  which  reports  nutrients  on  a soil  dry  weight  basis. 

Where  organic  concentration  was  high,  aoll  dry  weight  per  unit  volume 
was  low  and  other  soil  parameters  were  Inflated  by  this  relationship. 

On  this  dry  weight  basis,  soil  cation  concentrations  Increased  with 
distance  Inland  from  the  gulf  and  were  higher  on  the  backslopes  of 
natural ^Stream  levees  than  on  the  levee  Itaelf. 

9.  Tissue  nutrients.  Tissue  nutrient  concentration  presents  a 
different  and  far  more  complex  plctuT  » of  salt  marsh  nutrient  relation- 
ships. The  concentrations  reported  represent  samples  of  live  £.  alteml- 
f lota  culms  during  September  when  live  biomass  was  at  Its  peak  and  when 
flowering  and  fruiting  were  occurring.  How  this  sample  Is  related  to 
the  seasonal  pattern  of  tissue  nutrient  concentration  Is  shown  In  Figure 
B3,  which  reports  bimonthly  samples  from  a single  l(>catlon.  The  tissue 
concentration  at  any  time  trsulls  from  a complex  Interaction  of  a numi  er 
of  factors  Including:  nutrient  availability  (conrontrnt Ion  and  renewal 
rate)  In  the  substrate;  growth  rate  of  the  plant;  Interactions  with 
other  nutrients,  external  and  Internal  to  the  plant;  and  physiological 
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control  oechonlNmn  wltlilii  the  pluri.  l.^elf.  It  Ik  hardly  auiprlalix. 
therefore,  ^hut  the  rrsultloK  p;ct  ire  Ik  lar  f roai  clca*.  The  lolU’wlnK 
tabulation  Bunc.arl.eB  the  hehnvior  of  tihKue  nuiileniK  aa  related  I"  the 
spatial  KradlcntH  f the  marRh: 

TRANSrcT  CRADI1.T»T  - r.om  Gulf  to  n iillea  Inl-,;.., 

Increasln;;  Concentration 
Bariun  (Ba) 

Deereaslnp,  Concentrat  Ion 

ta,  Mtt,  Iron  (to),  lloron  (10,  I’.lne  I'/n).  Aluminum  (Al),  Mnlybeniin  (Mo), 
Strontium  (Sr) 

No  Clear  Gradient 

N,  Phosphorus  (P) , K,  Copper  (Cu) 

SUBTRANSKCT  GRADirUT  - Streamsldi.  (compared  with  HO  to  17>  u tiway  from 


at  rt  am) 


Stre.inKlJe  l.ower 


Mg,  I'e,  D,  Sr,  Al 
Strcamslde  Hlf.hor 
P,  K,  Mn,  Zn 


No  Clear  Difference 


N,  Ca,  Cu,  Mo,  Ha 


Most  of  the  elements  are  highest  in  concentration  near  the  gulf,  decresK- 
Ing  with  increasing  dlRtnnce  from  the  coast.  This  Is  In  nharp  contrssl 
to  the  concentration  of  mv’st  of  the  sane  elera,ntR  In  the  sedltnent.  As 


reported  In  the  previous  Rectlcn,  the  na)or  soil  cations  Increase  In 
concentration  with  distance  from  the  eoaRt.  Ho  and  Sthnelder  (197A) 


have  also  reported  that  soil  mlcronut rleit s Increase  In  concent rrt Ion  on 


the  *u*ie  sradlcnt.  A«  Indlrflted,  the  i.ull  I'aranetern  are  reported  on  a 
ury  weight  baala.  The  tissue  eoncent rat  loos  suggest  that  TrgnrdlesH  of 
tlie  soil  noncent  rst  Ions  reported,  tt.e  availability  of  nearly  all  of 
these  nultionts  per  unit  volura:  ol  aedlnent  highest  near  the  roast 
and  decreases  Inland.  Barlun  was  the  only  tissue  element  reported  that 
clearly  inrrear  c<.  at  Inlai-d  lo.  atlons.  'hese  results  Indicate  that  In 
coastal  emhnymenta  such  as  the  Baratarla  lasin,  tidal  waters  as  opposed 
to  ftishwaier  drainage  from  upstrc.im  are  ' le  primary  source  of  nutrients 
for  the  marsh  Vegrt.itlon.  The  nutrients  appear  to  he  Introduced  primarily 
In  suspended  part'culatc  form  rather  than  in  the  dissolved  state.  This 
1b  cernlnly  true  for  N (Ho  siid  Barrett  1975;  1‘atriclc  and  Delaune  1975). 

10.  The  pattern  of  dlstilbutlon  of  nutrient  elements  In  vegetation 
along  strcsa  ba.nk.'i  as  compaied  with  50  to  ] 75  n back  from  the  stream 

• •dge  is  purzllng  (see  above  tabulation).  The  barkslope  of  natural 
streamside  Icvcis  tends  to  be  at  a lower  clevnllon  than  the  levee  itself 
and  sediments  arc  usually  more  reduced.  It  is  possible  to  speculate 
that  Vc  is  found  In  higher  tissue  concentrations  on  backslopen  becavise 
It.  rvaflabtllty  Ir.cressea  with  Increased  soil  reduction.  However,  the 
elements  Sr  and  Mn  behaved  the  same  wuy  although  they  are  only  slightly 
influenced  by  Eh;  Mn,  like  Fc,  becor  "s  increasingly  svallable  with 
decreasing  Eh  and  was  found  to  he  more  concentrated  on  the  streamside 
levee. 

hel.itlon  of  tissue  and  soil  nutrients 
to  yield  o( al  tj^rn  1 f lorn 

11.  Respite  the  corapl lent  ions  In  interpretation  of  the  relation- 
ship of  tissue  nutrient  concent  rat  Ic-n  to  yield,  tissue  nutrient  snalysls 
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hail  been  a valuable  tool  In  dloKnoala  and  treatment  of  nutrient  problema 
In  horticultural  and  a.tronomlr  crops.  At  deficiency  tHsuc  nutrient 
levels  within  a fairly  narrow  concentration  rany.e,  the  Rrowth  rate  of  a 
sneclcs  la  quite  well  correlated  with  the  tissue  concentration  of  a 
llDltlng  nvitrlent.  Above  the  limiting  range,  luxury  uptake  can  occur, 
which  Is  not  reflected  In  a yield  Increase  (that  Is,  tissue  nutrient 
c ir.ccnt  rat  Ions  Increase  without  concomitant  ilry  weight  gains).  between 
theae  extremes,  over  mo'  of  the  limiting  range,  growth  proceeds  as  fast 
as  the  limiting  nutrient  or  nutrients  become  avsllable  so  that  tissue 
concentration  remains  unchanged  (Cerloff  1969).  To  Illustrate  this,  N 
has  been  cited  as  a limiting  factor  In  S.  altcrnlf lora  growth  ,hy  several 
Individuals  (Broome  et  al.  1975b;  Patrick  and  Delt-une  1975).  Broome  et 
al.  (1975a),  however,  found  N tissue  concentration  to  he  Independent  of 
yield  in  North  Carolina  st.ll  marshes. 

12.  TIiIb  study  found  (Table  B3)  a significant  negative  correlation 
between  tissue  N concentration  and  yield  (live  blcmasa)  although  the 
coefficient  of  correlation  was  low  (r  - -0.19).  The  best  predictor  of 
yield  was  B,  wlilch  was  also  negatively  correlated  with  peak  live  biomass 
(r  “ -0.32).  Other  tissue  elements  Individually  significantly  correlated 


14.  Of  the  Riihrit  rot  r p/irairot  ors  moasurcd,  th«-  only  one  that  was 
a i gnl f leant ly  related  with  yield  waa  the  salinity  of  flooding  water, 
which  was  neyatlvely  correlated  with  total  blt.r.asa  (r  ■ -O.SS;  T -O.Ol), 
but  not  with  live  S.  al  t ernl  f U-ra  blonuiHs  ali'iie. 

15.  Since  cuir.y  of  these  variables  were  Int  ercorrelat  ed , a stepwise 
mul 1 1 p 1 e-regr ess  1 cm  procedure  was  followed  that  lelated  the  two  yield 
parameters  (live  S.  alternl flora  biomass  and  total  blonass)  to  14  tissue 
and  8 substrate  parameters  by  a maximum  r*  improvement  ti  hnlque 
(Service  1972).  Tables  B4  and  B5  show  the  best-fit  one  to  seven  variable 
models  relating  the  dependent  variables  live  al t ernl f lora  biomass  end 
total  blotaass,  to  tissue  and  soil  parameters.  For  tissue  nutrients  the 
best  seven-variable  model  only  accounted  for  36  to  38  percent  of  the 
bloBiass  variation.  Sot  much  Improvement  occurred  above  a four-variable 
model.  Boron  was  a significant  variable  in  all  models,  as  wan  Hn. 
Phoaphorus,  K,  and  N also  entered  the  relationship  with  live  biomass,  K 
and  Ba  with  total  biomass, 

16.  No  soil  parameter  vs  b I onwiss-regress Ion  model  was  able  to 
account  lor  more  than  11  percent  of  t)ic  variability.  The  only  signifi- 
cant reletloniihlp  was  between  salinity  and  total  biomass. 


^unmarjr 

17.  In  the  complex  envlronmei.t  of  the  salt  marsh,  many  factors 
appear  to  contribute  to  yield  (peak  blonass)  of  £.  a 1 1 ernl f lora  In 

this  study,  with  the  analytical  techniques  used,  the  spatial  va  latlons 
of  rdaphic  psrameters  In  two  I.oulsiana  In t erd  1 s t r Ibut ary  basins  were 
poorly  related  to  ft.  alternlflora  yield  differences.  Salinity  of  the 


u 


flooding  water  was  the  aingle  exception;  It  was  a 1 gnl f leant ly  negatively 
correlated  with  total  live  plus  dead  hloirass  of  all  ipccles,  although  It 
was  poorly  correlated  with  Jive  S.  alternlf  lora  blocuiss  alone. 

18.  Tissue  B,  K,  and  Mn  appeared  In  the  best  four-variable  re- 
gression oodela  for  live  S.  a 1 1 ernl f lora  biomass  and  total  yield. 
However,  even  the  best  seven-variable  model  failed  to  account  for  over 
38  percent  of  the  variability  In  yield. 
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Correlation  of  i fjf  and  Soil  :.'i;frlfnr  Conn-nt  rat  lori  with  live 
S.  a 1 1 er  nl  1 I ora  ltlona‘i>5  and  with  Total  Plon.iis 


Cor  f »‘lat  Ion  fool  ! ii  loot  (r) 


Live 

Tissue  S.  altcrnlf lora 
Nutrient  Blooass 


Ti»t  al 

Blor.ass  Concent  rat  Ion  Z 


tr^tand^rd 
Pevlat Ion 


-0.03 

+0.31*** 

+0.32*** 

+0.06 

-0.26** 


+0.29** 
-0.16* 
-0.32*** 
+0.25** 
•'•0.25** 
-0.23*'- 
* 0.  P6 
-0.08 
+0.20** 


+0.30*** 

-0.12 

-0.34*** 

+0.19* 

+C.20* 

-0.26** 

-0.05 

-0.11 

+0.22** 


Soil 

Nutrient 


Orj'anlc 


wt  ."ht/v,)! uae , 2 


Water 

Salinity 


Sl^^nlflc.ant  at  the  95  perroni  conf Monet*  lo'^el  (P 
MIkIiIv  s I v.i  1 f leant  (P  *0.01). 

Very  highly  slpnlflrant  (P  -0.001). 


Tnblp  K4 


j invar  Rfgr»-sKlon  (or  Prt-dli-i  Ing  XAS.’ Bl.«rn«sj 

• *l  bl,'.;"  S'*  •*  1 1 >_rn  1 1 i <>1 .1  iiiTii  llssin*  Nulriiiil  (l<ll(•^t 


I.  tvc  S.  jltrrnl  f 1 o ruHl  orutK  « 


Vnr lablrs 


Variable 


Total  Rionwisn 


All  probabilities  slfcnlfl-ant  at  0*0001  level 
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Ah  ie  , > 


Sflfctcd  l.tnr.it  H.  Kri  siVton  f tor  "ridli-tlnp  Vli-ld  of  l.fvp 

S.  Altornl't  lorg  and.it)t.-il  BU^.iaa  f rom  Si  i I JVirma^t erji 


V 

No. 

Var  tablea 

Var 1 able 

r2 

S 'gn  1 f Iran,  e 

1 evel* ** 

CV 

7. 

' , 

1.1  ve  S.  a1  ternlf ^ora 

_3.lpBia._ii 

?r- 

1 

Clay  >20  u 

0.03 

0.11 

45 

t 

2 

Na,  Clav  >20  .. 

0.04 

0.25 

45 

3 

K,  Na,  Cl.t  ’ >20  u 

0.04 

0.35 

46 

1 

Ca,  Hg,  Na,  OH,  Clay  «20  i , 

0.06 

0.73 

47 

ClAy  JO  11,  Salinity 


s 

t 


Total  Blrmaaa 


Salinity 
OM,  Salinity 
K,  Na,  Salinity 
Ca,  Hu.  Na,  OH,  <:!-< 
Clay  -20  u,  Saii.iln 


• Probability  (P)  that  the  relat  I'-nahlp  bt  tween  Indicated  aoll 

paranctira  and  biouiaNS  occir.  by  cli.ince.  SiKnlf  leant  relatioi.-'hlp 
la  taken  by  rotventlon  to  occur  when  P :.i).0S. 

**  Highly  sly.nlf  leant . 
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APPr.NDIX  C:  INKl.l’f’iCr  OK  IRON  SOl'PCK  AM)  rosCKNTRATlON  ON 
CROWTJI  OF  spartina 

Int  rodurt  lr..< 

1.  Sp«rtln«  alternlflom  rrqulrt-s  HIrIi  concentrations  of  avallahle 
Iron  (Fe)  to  avoid  chlOiOsls  and  attain  optlnun  growth  (Adams  1963).* 

The  flooded  marsh  sediments  In  which  S.  altcmlf lora  grows  are  highly 
reduced  through  the  metabolic  activities  of  facultative  anaerobic  soil 
microorganisms.  This  reduced  environment  is  conducive  to  successions! 

Fe  transformations  from  the  ferric  to  the  ferrous  Fe  species  (Cotoh  and 
Patrick  1974).  Christ  (1974a)  found  that  monocoty ledonous  plant  species 
are  inefficient  in  the  utilization  of  the  ferric  ion  forms,  whether  the 
ferric  ion  la  chelated  or  nut.  He  also  noted  that  to  avoid  chlorosis 
end  attain  optimum  growth,  monocoty ledonous  plants  generally  require 
higher  Fe  concentrations  (regardless  of  Fe  species)  than  dicotyledonous 
plants.  Iren  concentrations  in  S.  sltemlf lore  tissue  in  Appendix  B 
ranged  from  154  to  632  ppm  depending  upon  the  season  of  collection. 

These  values  are  similar  to  the  590-ppm  average  found  by  Williams  and 
Murdoch  (1967). 

2.  Spartlng  nltemlflora  la  one  of  the  dominant  species  Inhabiting 
the  highly  reduced  salt  marshes  of  Ixjulslina.  D^ese  marsh  sediments 
have  high  Fe  content,  and,  since  they  are  reduced,  they  have  high  ferrous 
concentrations.  In  common  with  many  hydrophytes,  the  air  lacunae  In  S. 
alternlflom  allow  passage  of  atmospheric  oxygen  (Ot)  1 rom  the  le.ivos  to 


* See  references  at  end  of  this  appendix. 

Cl 


the  root*  (Teal  and  Kanwlaher  1966),  This  oxygeii  dlffiiwra  out  of  tlte 
root*,  creat.n*  an  oxy^e'iatod  rhlrosphere  within  whirl  the  ferroiin  Ion 
specie*  nay  be  oxidized  to  the  ferric  'or».  'nius , nlthouKti  the  reduclnR 
condition  of  the  sediment  favors  the  ferrous  Ion  equlllhrlun,  the 
lusDedlate  microenvlronnent  of  the  root  nay  he  favorinR  the  oxidized 
ferric  equlltbrlun.  As  a hydrcphytlc  nonocoty ledonous  plant.  Is  S. 
altcrnlf lora  using  the  ferrous  Fe  species  abundant  In  the  sediment  or  Is 
it  utilizing  the  ferric  Fe  species  produced  In  the  rhlzosphere? 

3.  'fhc  following  experiment  was  designed  to  determine  the  Ionic  Fe 
species  and  the  ferrous  concentration  necessary  for  optimum  growth. 

Christ  (1974b)  outlines  the  erperlnental  difficulties  of  nnintalnlng 
soluble  Fe  In  nutrient  solutions  and  developed  a procedure  that  over- 
coaiea  this  solubility  difficulty.  This  study  follows  his  technique  with 
soma  modification. 

Methods 

4.  Seeds  .^ere  germinated  and  grown  in  a saline  starsh  sedlstent 
collected  from  the  Fourchon  arcs  of  coastal  Louisiana  until  two  tp  three 
leaves  developed,  l.c.,  to  the  approximate  height  of  10  cm.  The  seed- 
llng«  were  then  transferred  Into  nutrient  solutions  in  2-quarC  polyethyl- 
ene fri'czer  containers  painti'd  , ,;n.k.  Ihe  plants  were  supported 
through  holes  In  the  lids  with  Permsgum  strips  (Virginia  Chemicals 
Inc.).  There  were  ten  plants  per  container  and  one  container  per 

t restment. 


Fe.*  All  aolutli’ni  u»rd  throuKhout  tlili  cxpc-rlnirnt  wore  niljuntod  to 


6.  The  following  growth  condltlonii  were  nuilnta'lnrd  lor  the  duration 
of  the  -Kperlneni:  a light  lulenslty  of  14,()<n)  lux  .uul  .1  phfU'ix  rl.ul  ol  16 
houra  of  light  at  32*C  and  8 hours  of  dark  at  20*C. 

7.  After  the  accl  lir^at  Ion  period  the  plants  were  aubjcctcd  to  an  Fe 
creatsienc  of  O.S,  1,  2,  10,  or  20  ppm  ferrous  sulfatci  or  1 ppm  ferric 
sulfate;  or  1 ppm  Fe  .IS  Sequest  rt'iie  i:.»Fe  Iron  rtiel.ile  (li-rric  ethylene- 
diamine'tetiaacetate;  17?  Fc20j).  All  Fe  treatments  contained  A millimole 
per  liter  (mM  i“^)  Ca(N0j)2  as  a nitrogen  source,  and  all  Fe  tre.itments 
with  Che  exception  of  a control  contained  10  mM  ■"*  hydroqulnone  as  a 
reducing  agent.  The  control  received  1 ppm  chelated  Fe.  In  a prelimi- 
nary experlru  nt  using  the  same  Fe  rencentr.it  Ions,  hut  with  the  omission 
of  hydroqulnone,  -n*  Iron  oxide  preolplt.ite  was  observed.  Since  the 
amount  of  precipitated  Fe  was  not  known  the  results  of  this  first  test 
are  not  reported  here.  However,  the  general  trends  coincide  with  those 
reported  below. 

8.  The  experlsKnt  consisted  of  a 3-dav  t;rc.'.-th  period  in  the  Indi- 
cated treatment  alternating  with  a 4-day  grrvth  period  In  modified 
Hewitt's  nutrient  solution  minus  Fe  (Hewitt  1966).  This  alternation  of 
solutions  was  continued  for  4 weeks.  At  the  end  of  the  fourth  week  the 
plants  were  harvested;  the  length  of  the  longest  root  and  shoot  were 
measured.  The  plants  were  dried  at  room  temperature  to  constant  weight; 


Til  I ^ iiutrli-nl  solution  cont  .itno<l  i'.nii  ( -.mM  . ( ; CaiXU  i.  ) ; 

- 1 -I  ' " 

MgSl),  ( 1 . > r.M  I );  N.ill  I’O  ( 1 . i ) nM  ■ );  ^ii  (O.'iS  pin';  Cu  ((t.O'i  ppm), 

s . « ' 

Fn  (i).(i’i  ppn  as  sulfates);  B (0.5  ppm  as  H^BOj);  and  Mo  (0.05  ppm  as 
Na,Mi>0,  ). 


the  root.  Hhoot,  and  total  weiK^'t  were  dctcnalnrd  aa  well  ah  the  root  tc 
ahoot  welfiht  ratio.  The  reaulta  were  then  analyred  Ht  Jt  iat  leal  ly . 


ReauHa 

9.  Table  Cl  RlveH  the  treatiaent  neans  for  the  portion  of  thl-< 
study  toncenied  with  detennlnlnft  the  optlnuoi  Fe  concentration  for 
growth.  Of  the  six  parameters  analyzed,  only  three  showed  jny  atatls- 
Cically  significant  differences.  There  Is  a highly  significant  difference 
In  growth  as  measured  by  root  length,  shoot  length,  and  the  root  to 
shoot  dry  weight  ratio  of  S.  altemll  lora  plants  subjected  to  different 
concentrations  of  ferrous  sulfate.  However,  ’.le  six  concentrations  of 
ferrous  Fe  tested  do  not  differ  In  their  effects  on  root  weight,  shoot 
weight,  or  total  weight  of  S.  aiternlf Icra. 

10.  A least-squares  regression  was  performed  to  determne  If  the 
relationship  between  tissue  length  or  dry  weight  scid  concentration  is 
linear.  Figure  Cl  Is  the  graphical  representation  of  the  regression 
analyses.  Of  the  six  parsnetera  measured,  only  root  weight  did  nor. 
exhibit  a significant  linear  relationship  with  Fe  concent ra t Ion.  The 
low  coefficient  of  correlation  (r^)  values  indicate,  however,  that 
within  each  treatment  the  Individual  plant's  response  to  the  treatment 
was  highly  variable. 

11.  Table  C2  gives  the  treatment  means  for  the  portion  of  this 

study  dealing  with  the  preferred  Fe  species  for  optlnum  growth.  Of  the 
six  parameters  measured,  c-ly  root  weight  differences  showed  any  statis- 
tical significance,  l.c.,  there  Is  a significant  difference  In  the  root 
weight  of  S,  b1  t ernl f lcr».  'sted  to  the  type  of  Fe  In  solution. 
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Froo  Ih*  table  It  ran  be  aern  that  the  l-ppa  rhelated  trealDent  with 
hydroqulnone  rona  1 at enl  ly  p.av/-  the  hlf.heat  avorar.ra  of  the  alx  param- 
eters measured. 


Placusslon 

12.  Maxlnun  growth  orcurred  at  the  lowest  ferrous  conceiitrat  ions; 
however,  the  optimuo  concentration  of  ferrous  ion  cannot  be  directly 
established  from  the  data  obtained  as  concentrations  lower  than  0.5  ppm 
were  not  »eated.  Apparently  Fe  in  the  natural  ecosystem  la  not  limiting. 
This  has  also  been  suggested  by  Broome  et  al.  (1975a),  vho  noted  that  in 
the  field  Fe  fertilizers  did  not  stimulate  growth.  The  negative  slope 
of  the  regression  of  root  length,  shoot  length,  shoot  weight,  and  total 
weight  to  increasing  ferrous  concentrations  Indicates  toxicity  at  concen- 
trations greater  than  5 ppm,  which  Is  much  lower  than  concentrations 
found  In  the  field.  However,  In  the  field  no  clear  evidence  of  toxicity 
appeared  (Broome  et  al,  1975b).  The  high  tissue  levels  of  Fe  In  natural 
stands  may  be  an  indication  that  Fe,  although  abundantly  available  In 
the  environment,  somenow  becomes  unavailable  once  It  Is  within  the 
tissue  (through  precipitation,  sequestrat Ion,  or  oxidation).  The  addi- 
tion of  hydroqulnone  may  maintain  Fe  In  an  .available  form  so  th.il  nurh 
lower  ferrous  concentrations  are  effective. 
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Table  Cl 

Mean  Growth  Rt-aponfe  of  S.  alt  cm  1 flora  bfod  llnga  to  nifferent 
l'<  rroiiH  Lonct-nt  rat  IniiN 


Concentration 

Fc+2 

length,  ra 

Weight,  g 1 

3r  wt 

I>rv  Wt  Rat  lo 

-xr« 

N 

Root 

.'■hoot 

Root 

Shoot 

Total 

Root : Shoot 

0.5 

10 

2S.8 

3fi.6 

0.0833 

0.1981 

0.2814 

0.4??7 

1.0 

10 

22.1 

36.7 

0.C891 

0.1845 

0.2736 

0.4788 

2.0 

10 

19.9 

40.4 

0.0739 

0.1720 

0.2-59 

0. .352 

5,0 

10 

22.1 

37.3 

0.0877 

0.1722 

0.2619 

0.5123 

10.0 

10 

20.9 

36.3 

0.0743 

C.1565 

0.2527 

0.5932 

20.0 

10 

19.1 

28.6 

0.070/ 

0.1221 

0.1927 

0.5832 

Overall  He.ina 

21.6 

36.3 

0.0801 

0.1676 

0.2513 

0.4898 

Table  i:2 


Mean  Crowtb  Hf  c_o a.l_t_c r n 1 f JL£J^  • ^X*' ‘^"JL 

It  on  Spy  c to  ><  at  1-ppa  Conron  f rati  < 'n 


Tr.-atra*nt  Moan* 


Rrdiii;  1 nx 

Iron  Sped  OB 

length,  cm 

l.'olf;lit,  K dr  wi 

Dry  Wt  Ratio 

_A^<*nj 

..t  I ppe 

N 

Kool 

Shoot 

Root 

Shoot 

Total 

Root : Shoot 

Hydroqulncr.i; 

Korrouh 

10 

22.1 

38.7 

0.0R9 

0.183 

0.274 

0.479 

Krrrlc 

10 

22.3 

36.7 

0.082 

0.174 

0,256 

0.471 

•f 

Conttol,  n.> 

r'.lat.d 

10 

23.1 

39.3 

0.138 

0.241 

0.379 

0,577 

hydrcqulnore 

(.tio  laiod 

10 

19. « 

37.8 

0.111 

0.179 

0.290 

0,617 

Overall  Me ana 

21.8 

37.6 

O.IOS 

0.194 

0.300 

0.536 

ii;  nsM  V.  vivnwi.  a;;ai  Y'ii;:  mk  skvis  iommy/s 
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Incrodurt Ion 


1.  anjlysra  are  a useful  adjunct  In  rcoayatrm  Inveat Iftat Iona 


prurrsscfc  I'l  .in  rcosy«ie« 


2.  The  following  doea  not  constitute  an  in-depth  analysis  of  the 


nutrient  requ Ireaents  of  the  seven  species  studied,  as  It  docs  not 


contain  coincident  ■eaaureaents  of  the  soil  availability  of  these  nu 


trlinls  nor  ol  the  nutrient  ii'mposi t ion  of  decoaposlng  plant  material. 
Nevertheless,  the  results  as  presented  in  tabular  form  provide  a base  of 


Information  useful  for  further  research 


Materials  and  Methods 


3.  At  approximately  A-veok  intervals  beginning  in  Auguat  197S  for 


48  weeks,  five  plots  each  of  Dlstichlls  splcsta,  Juncua  roemerlanus 


Phragmit  fs  cowpiinls,  Saggltarls  falcata,  Spartlna  alter*^*.  lora.  Spart  Ina 


cynoauroldes,  and  Spart ins  patens  were  harvested  st  sites  in  the  Bars' 


taria  and  Terrrhoiine  basins  of  the  Louisiana  coast.  Details  of  site 


location  and  harvest  techniques  are  described  In  Hopklnson  ct  al.  (1976).* 


From  each  sample  the  live  material  was  separated  from  the  dead.  The 


Hopklnr.on,  C.  S.,  J.  C.  Cosselfnk,  and  R.  J.  Parrondo.  1976.  Appen' 
dlx  A,  Vol.  I,  Spatial  variation  in  the  peak  biomass  of  salt  marsh 
vcKetatlon  in  coastal  Louisiana.  Final  rept . , Corps  of  Engrs. , WFS, 
Vicksburg,  Miss. 


Ilv«  tlasur  drlrd  at  f<0*C  and  Ktouiid  In  a Wiley  Bill.  Allqunta  were 
analyied  npert roaropical ly  for  13  elrmenta  hy  the  riant  Analyaia  Labor- 
atory at  the  Dnlvrralty  of  CeorRia,  at  Athena,  Ca.  NitruRen  fN)  waa 
deteralncd  by  the  Bicro-K]eldahl  technique  at  the  aaae  laboratory,  Tlte 
reaulting  data  were  analyred  atatiat  Ically  ualnR  analyaia  of  variance 
and  aiaple  regreaaion  aiethoda. 

Reault  a 

4.  Tablea  D1-D14  preaent  the  Bean  nutrient  concentration  and  mean 
total  nutrient  content  of  the  tlaauea  froa  the  atudled  marah  apeclea  by 
aaapllng  period.  Annual  Bean  valuea  are  Included. 

5.  The  next  aeven  tablea  (Tables  DlS-OZl)  preaent  the  analysis  of 
variance  atatlatlca  obtained  when  testing  for  seasonal  differences  In 
either  tissue  concenti  ‘ion,  total  tissue  content,  or  bloaass.  This 
gives  soBe  Indication  of  seasonal  trends  existing  In  the  tissue  nutrients 
of  each  species  and  a Beaaure  of  the  natural  variability  In  tissue 
nutrient  content. 

6.  Tables  D22-28  show  the  relationship  between  aboveground  live 
bloaiasa  and  total  standing  crop  of  Blneral  nutrients  for  the  seven 
species  studied.  With  few  exceptions  tissue  nutrient  concentration  was 
Independent  of  biomass  as  detemined  by  linear  regressions  of  nutrient 
concentration  on  biomass. 

Piscusslon 

7.  The  outstanding  feature  of  the  data  presented  In  this  report  Is 
the  variability  In  tissue  concentration  among  species  and  among  nutrients. 
Any  generalizations  must  neceRsarlly  be  so  hrnad  as  to  be  nearly  meaningless 


D2 


r. 


when  Individual  rlemt-nta  or  Individual  apJclt-B  are  analyzed  In  detail. 
Therefore,  In  thla  dlacuMalon,  rather  than  ftenerallze  the  rraultn,  the 
availability  of  a Iutkc  data  aet  la  enphaalzed  and  the  utility  of  the 
statistical  displays  provided  for  Interpretation  of  the  behavior  of 
Individual  nutrients  la  dlaruaaed. 

Nutrlert  concentrations 

f The  annual  aiean  values  for  each  nutrient  hy  species  are  dis- 
played In  Tables  DlS-022.  A quick  conparlson  shows  that  concentrations 
of  nutrients  in  tissues  of  S.  falcata  are  high  cospared  to  the  other 
species.  This  was  the  only  broad-leafed  sionocot  examined.  Tlie  grasses, 
slternlf lora.  S.  patens.  S.  cvnosuroldcs.  D.  aplcata.  and  P.  cownunis. 
sll  tend  to  have  fairly  'ow  nutrient  concentrations,  roughly  conparable 
in  range  with  the  rush,  J.  roeaerlanua. 

9.  The  second  column  of  these  sane  tables  shows  whether  seasonal 
(bimonthly)  concentration  changes  were  statistically  significant.  The 
coefficient  of  variability  (CV)  In  the  third  coluim  is  an  index  of  the 
variation  in  concentration  ai>on»  plots  sampled  at  one  time.  Used  to- 
gether the  two  values  show  the  natural  variability  of  the  tissue  nutrient 
and  its  variation  through  tine.  There  is  a wide  range  of  values  in  both 
t.olumns.  Coefficients  of  variability  In  field  collections  of  biological 
data  typically  arc  20  to  30  percent  even  in  well-controlled  tests. 

These  arc  also  typical  values  in  these  tables,  although  some  of  the 
alcronutr lent  concentrations  were  extremely  variable.  F.xanples  are 
barium  (Ba),  with  a CV  range  from  48  to  132  percent,  n-..d  zinc  (Zn), 
which  had  a CV  of  147  percent  In  S.  falcata. 
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10.  V4iriatl''r  through  tlnr  wa*  Doat  pronouncrd  In  thoae  apprlra 


that  have  thi  atronKeat  aeasonal  Krowth  pattcina.  Tlivar  are  S.  falcata, 


P.  ruiBBtunlr,  and  S.  cjf n qa^i^Mdjp^a . Kor  theae  three  Hpccira  the  aeaaonal 


variation  In  concentration  of  nearly  every  nutrient  waa  hlKhly  aiftnlfl- 


cant.  On  the  other  hand  those  apecloa  that  vary  little  in  live  btoaaaa 


through  the  year  (J.  rocmerlanua  and  S.  p/t^cn^)  had  relatively  conatant 


nutrient  concentratior.a  alao.  Pattema  for  apeclflc  nutrlenta  and 


•peclea  are  dlaplayed  In  Tablca  D1-D14.  Theae  two  baalc  patterna 


auggeat  that  aeaaonal  changea  In  nutrient  concent  rat  Iona  are  probably  a 


function  of  tiaaue  age.  Spartlna  patcna  and  J.  rocaerlanua  grow  actively 


throughout  the  year  and  all  vegetation  aanplea  had  a adxture  of  young. 


■ature,  and  aeneaclng  tlaauca.  In  contraat  the  apeciea  In  the  other 


•Toup  die  to  the  ground  during  the  winter  and  tend  to  have  a alngle 


growth  cycle  during  the  aprlng-aunacr-fall  period.  A aprlng  aanple  waa 


nearly  all  young  tiaaue,  wh'ch  tended  to  have  higher  nutrient  concen- 


tratlona  than  nature  auiscier  tlaauca  or  aeneaclng  fall  tlaauea. 


Nutrient  atandlng  crop 


11.  The  last  throe  columns  of  Tables  D1S-D21  show  the  annual  nean 


atandlng  stock  of  Individual  nutrients,  the  statistical  probability  that 


binonthly  changes  are  algniflcant,  and  the  CV.  The  atandlng  stock  is 


the  product  of  concentration  and  live  biomass.  When  bloraaaa  varlca 


seasonally  the  atandlng  stock  nearly  always  does  alao;  oo  that  for  atoat 


speclea  and  nutrients,  there  la  a statistically  strong  seasonal  fluctu- 


ation In  atandlng  stock.  This  Is  not  true  for  J.  roeroerlanus  and  S. 


latens,  however,  which  are  relatively  constant  nutrient  reservoirs 


throughout  the  year.  Figure  D1  llluatrates  two  extrene  rasea,  S. 
pat ena,  which  ahowa  little  arcond  variation  In  N concentration  and 
atandlng  atock  conpared  to  S.  falcata.  which  varlea  widely  In  both. 

12.  If  blooaaa  and  nutrient  concentration  are  not  cloaely  related, 

the  variability  of  total  nutrient  atandlng  atock  ahould  he  greater  than 

t ■ 

the  viirlablllty  of  either  coaponent  alone.  Thla  la  true,  In  general,  aa 
a coaparlaon  of  the  third  coluan  with  the  laat  coluan  In  Tablea  D1S-D21 
ahowa.  If  variability  In  total  nutrient  atandlng  atock  la  reduced 
conpared  to  nutrient  concentration.  It  neana  that  the  nutrient  la  diluted 
(concentration  la  reduced)  aa  blomaaa  Increaaea,  auggeatlng  that  the 
nutrient  auppl,'  to  the  roota  la  Halted.  Thla  occurred  aoat  conaplcuoualy 
with  S.  cynoauroldea.  In  thla  apeclea,  the  CV'a  for  total  atandlng 
atock  of  N,  phoaphorua  (P),  potaaalua  (K),  atanganeac  (Mn),  copper  (Cu), 
and  Bolybdenua  (Ho)  were  all  reduced  covpared  to  the  rarlablllty  of  the 
nutrient  concentration.  Thla  la  probably  a reflection  of  high  initial 
concentratlona  of  theae  eleaenta  in  the  aprlng  followed  by  dilution  aa 
bloaaaa  Increaaed  and  tlaauea  aiatured. 


PredlctabllUy  of  aboveground  nutrient  atocka 

13.  Tablea  D22-D28  ahow  the  predictability  of  aboveground  nutrient 
atocka  baaed  on  atandlng  bloaaaa,  without  regard  to  aeaaon.  Theae 
linear  rcgreaalona  are  baaed  on  30  nutrlent-bloaaaa  palra  for  each 
nutrient  and  apeclea.  The  r^  value  la  the  percentage  of  the  variability 
In  nutrient  atock  that  can  be  attributed  to  bloaaaa  dlffcrencet.  For 
aoae  apeclea,  notably  S.  falcata,  the  fit  la  quite  good:  r^  valuea 
nearly  all  are  above  80  percent.  For  othcra  It  la  poor:  D.  aplcata  r^ 


-'1  ^ ' k.  ».  > r ♦ • AS.  A.  A-  I t 


values  are  0 to  31  percent  In  the  linear  rCKreiiilon  analyala,  values 
associated  with  cxtresies  of  hionass  receive  oore  welt;ht  than  values  In 
the  middle  of  the  ranfte.  Consequently  those  species  with  strong  season- 
al bloisasa  changes  tend  to  show  higher  r^  values  than  those  with  snail 
blonass  ranges. 

14.  The  nutrients  Ba  and  aluniniia  (Al) — neither  of  which  Is 
currently  considered  essential  for  all  plants — vary  unpredictably  with 
high  CV  values  and  low  r^  values. 

15.  The  nutrients  with  the  highest  predictability  were  N and  P. 
Comparing  the  five  nutrients  with  the  best  regression  fits  for  each 
species,  N appeared  In  all  species  except  £.  coanunls . and  P appeared 
In  all  species  but  P.  coiessjnls  and  S.  falcata.  Extrapolating,  It  Is 
tempting  to  suggest  that  marsh  plant  growth  Is  isost  likely  to  be  llnlred 
by  these  two  nutrients  since  biomass  closely  follows  the  total  oisount  of 
N and  P absorbed  by  the  plants. 


Conclu B 1 on^ 

16.  The  data  presented  In  this  report  vary  widely  from  plot  to 
plot  and  month  to  month.  Means  and  statistical  treatment  provide  Infor- 
mation about  expected  tissue  concentrations  and  variability  of  mineral 
elements  In  I.oulslana  coastal  marshes. 
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An.il^jsls 

i>f_  V.l;  l;inre_‘ 

1 1 .1 1 1 *i  C 1 i'  H 

i)t  1 1 Nl.t  r li-nt  H 

In  s . 

^1 ; i-rn  1 1 lor.i 

1 

• t r.it 

_ T.u.ii  ; 

• •It  r 1 -’lit  p. 

-r  : • 

.Nut  r li  nt 

Ann.  Mit 

i _V  . ! ne 

•*  • % 

Am.  '*.Mn^ 

K V 1 1 ue* 

* iX'-J— 

S 

1.02 

. H 

24.4 

4.24 

3.43* 

3 

P 

0.1. A 

2.  .. 

24.  ti 

(-.516 

2.91- 

42.0 

K 

1.01 

2.  H2* 

38.8 

4.14 

1.95 

63.6 

Ca 

0.15 

7.65»» 

29.  1 

0 . t>  9 6 

7.99** 

5*. 9 

Hr 

0.27 

4.7F** 

22.7 

1.24 

9.72** 

43.9 

Hn 

53.4 

3. HI* 

31.7 

23.8 

7.73** 

54.0 

Fe 

45d.U 

4.88** 

41.1 

188.0 

7.74** 

51.2 

B 

10.1 

6.53** 

31.3 

4.54 

7.48** 

55.5 

Cu 

4.63 

2.48 

34.1 

1.94 

4.84* 

53.4 

Zn 

15.0 

10..j>** 

29.; 

5.?A 

6.76** 

43.6 

A1 

496.0 

2. 24 

64.6 

217.0 

3.96** 

86.2 

Mo 

3.26 

3.86 

39.6 

1.35 

5.92*'' 

53.1 

Sr 

29.2 

9.M'* 

25.6 

13.3 

10.14** 

53.4 

Ba 

2.70 

2.08 

123.0 

1.07 

2.93** 

96.1 

Live 

Blea>as3 

437.0 

5.22** 

38.5 

Unit 

' or 

f.  ;ir<'  p<*r4.« 

ctl'-r  niilrl 

u.iv’f  ; or  *», 

. nt  s. 

P , F . ( .t  , 

.ind  V;s  an.l 

.ire  . 1.  I''"’ 

F • St  .i<  I St  1 r.i  1 nt”*  .ih  i ! 1 1 V t’l.it  Mronthlv  rh.inpes  art*  significant 
.ir.  1 Is  ii:i  lui!.!*  Ii't  . ■ r;i.ir  i s.ms  .tr.i'rv.  tires  ol  snapllnjt.  Notations 
loiUvtnp,  iiiirerlcnl  entries  are  as  follovs: 

‘ - P '0.05 
**  - P ■ 0.01. 

i Units  .tre  (t  n"*  for  N,  P,  K,  C.-i,  and  Mk  and  are  nt;  in"’  for  other 

I'lt  t lints. 


BtSl  AVAILASI' 


Tahli*  1)16 


Ana  lysis 

of  Variance 

S t -1 1 1 s t Ir H 

of  Tissue 

N.it  r lent  s 

in 

0.  K'.'icat.j 

Concent  rat  inn 

Tot  a 1 

Slit  r li  nt  j 

■3 

‘ 

.'.'utrlent 

y. -n 

t I Value" 

(~v.  : 

Ann.  ‘•'i-an-F 

P Value* 

* 

N 

1.0« 

?.18 

22 

5.62 

1.47 

11 

P 

0.126 

1.54 

21 

0.689 

3.64* 

29 

K 

0.860 

1.53 

124 

4.49 

2.01 

101 

Ca 

0.072 

15.  S'** 

25 

0.401 

14.86** 

32 

Mg 

0.136 

7.62** 

25 

0,732 

4.13** 

35 

Mn 

303.2 

0.62 

34 

167.0 

5.46** 

35 

Fe 

478.2 

6.58** 

40 

248.0 

5.98** 

41 

B 

15.0 

4.44** 

26 

8.02 

2.75* 

34 

Cu 

6.63 

0.74 

40 

3.61 

1.04 

46 

In 

15.9 

5.24** 

26 

8,65 

6.20** 

32 

M 

310,0 

4.43** 

34 

162.0 

2.81* 

36 

Mo 

2.26 

0.89 

45 

1.23 

0.50 

52 

Sr 

10.9 

9.39** 

31 

5.84 

5.27** 

39 

Ra 

2.60 

4.31** 

76 

1.37 

2.74* 

97 

Live 

Blceass 

550.6 

5.21** 

2l 

* Units 

are  perceM  ife  lor  N, 

P,  )•.  Ca, 

.tnd  *'e  and 

are  .?  g" 

■ fspe.) 

for  othur  nutrients. 

**  r « statist  ic.ll  r T> ').i!'l  li  t e that  hitnonthly  changes  are  significant 
.in<i  Is  Includ'd  lur  . iirpa  r : <'-ns  ...nong  '^imes  of  sanpling.  '.otatlons 
follovlng  numerical  entries  are  as  folli-ws: 

* - V -0.05 
*•  - P '■0.01. 

^ Uni's  are  g m"^  for  N,  P,  K,  Ca,  and  Xp  and  arc  mg  o"^  for  other 
nutrients. 
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Tal>le  Dl/ 

An.'»l_\  -Js  o(  V.i I I .ii\i  r_S l ,if  J s t 1*  s Ttsstu*  Niitrlvr'lK 
111  .1.  roiitKT I .iiui< 


f, 

'iu  < nt  rat  Ion 

Total 

Nut  r t I’Til  pi* 

r ni^ 

Nut  ri cnt 

Ami.  Mr. in* 

1 V.ilue** 

r\.  ; 

Ar.n.  Mean^ 

F Value  * 

* CV.  7. 

N 

0.977 

1.85 

33 

6.69 

1.13 

61 

!■ 

o.in 

0.87 

29 

0.736 

0.65 

53 

K 

0.860 

1.81 

32 

5.S9 

1.42 

54 

Ca 

0.06} 

ll.5«« 

27 

0.408 

1.88 

58 

Hr 

0.105 

1.28 

41 

0.766 

2.54 

68 

Mn 

65.7 

1.53 

38 

46.3 

C.90 

63 

Fe 

151.0 

1.86 

54 

115.0 

2.21 

77 

B 

15.8 

1.42 

31 

11.1 

0. 

65 

Cu 

7.37 

2.36 

48 

4.91 

1.65 

57 

Zn 

15.3 

4.86»» 

:? 

9.78 

0.72 

49 

A1 

170.0 

9.:8«* 

39 

121.0 

2.00 

76 

Ho 

1.52 

2.11 

4] 

1.06 

0.90 

74 

Sr 

7.13 

0.85 

43 

4.92 

0.99 

61 

Ba 

0.600 

0.48 

118 

0.37 

0.53 

126 

Live 

Biomass 

671.0 

1.35 

48 

+ Unlt.s 

are  percent api-  tor  N,  P, 

K.  Ca. 

ard  Mr  and 

are  iR  R“^ 

(ppm) 

for  otiii-r  luitriintB. 

+1  F “ statlstlr.ll  prob.iM’.  Ity  that  blronthlv  chanRcs  are  significant 
f id  Is  Incli.iUJ  for  corj-.u  isons  .ipoi'c  t tnos  of  siapllnit.  Notations 
^ollojlnR  niinerical  cntflrs  are  as  lolli'ws; 

» - r -0.05 

•*  - r >0.01. 

•t  Units  are  r n*‘  for  N,  P,  K.  Ca,  and  Wr  and  arc  nR  b”*  for  other 
nutrients. 


Table  018 

AnnlyHla  of  Variance  Statist  ten  »(  T1  k ’ill*,!  I i-iU  H 
In  S.  cvnosiirnUli'H 


K ‘ 1 

('oncont  rat  Ion 

Total  NutrliMit  i>rr 

Nutrient 

Ann.  Meant  K Valiiett 

CV.  7. 

Ann.  Mearrf 

F Value** 

CV.  7. 

N 

0.733 

6.31** 

51 

. 3.17 

16.9** 

43 

k* 

0.098 

7.59** 

60 

0.357 

10.9** 

46 

K 

0.618 

10.8** 

80 

1.79 

12.2** 

61 

Ca 

O.IOS 

8.57** 

45 

0.544 

9.52** 

60 

» 

f 

Mr 

0.123 

10.32** 

42 

0.667 

16.3** 

48 

Kn 

92.0 

4.97** 

62 

42.5 

9.22** 

56 

Fe 

113.0 

2.62* 

81 

51.8 

'0.1** 

65 

B 

4.77 

6.88** 

56 

1.99 

10.1** 

61 

Cu 

6.20 

5.05** 

60 

2.64 

14.4** 

51 

Zn 

14.4 

8.78** 

42 

6.58 

16.5** 

47 

A1 

28.3 

1.75 

149 

10.7 

0.98 

216 

Ho 

1.00 

4.83** 

57 

0.44 

12.2** 

49 

Sr 

7.97 

7.75** 

45 

3.85 

12.2*» 

50 

Ba 

0.700 

6.56** 

132 

0.297 

5.86** 

132 

Live 

Blouasa 

404.0 

21.8** 

39 

+ UnitM  arc  pcrcor.taec  for  N,  P,  K,  Ca,  and  Mr  and  arc  iiR  r“‘  (rptn) 
for  other  nutrients. 

+ r " statl'.tirni  prehnbllltv  that  bimonthly  ch.inRca  are  nlgnlf  leant 
and  Is  Included  for  con-parisons  arw'iiR  lines  of  Honpllng.  Notations 
following  numerical  entries  are  as  follows: 

* - P ‘0.05 
**  - P ‘0.0! . 

+ 5 

+ Units  are  g m“^  for  N,  P,  K,  Ca,  and  Mg  and  are  mg  m"^  for  other 
nutrients. 


Table  D19 


Ana  s_  of 

V.iri.inre  St 

at  1 H t 1 r H 

of  Tissue 

Nutrient  8 

'in  JS 

. t.ilr.it.i 

- — 

Coneent  rat  ion 

Total 

Nutrient  per  tn^ 

Nutrient 

Ann.  Mi'ant  K 

Valiief^ 

CV,  2 

Ann.  Meant 

K Value+t 

CV,  2 

N 

1.8A 

22.31** 

26 

3.57 

29.6** 

47 

P 

0.315 

10.01** 

38 

0.642 

25.0** 

52 

K 

4.10 

13.84** 

35 

8.05 

34.3** 

41 

Ca 

0.419 

11.05** 

34 

0.97 

16.9** 

72 

Mg 

0.264 

12.52** 

33 

0.59 

29.2** 

55 

Mn 

285. 1 

14.8** 

32 

53.9 

17.4** 

57 

Fe 

907.0 

11.86** 

44 

143.0 

18.0** 

49 

B 

27.5 

17.2** 

31 

5.54 

36.4** 

45 

Cu 

13.4 

7.41** 

44 

2.48 

26.5** 

44 

Zn 

33.3 

2.00 

147 

4.55 

3.78* 

96 

A1 

783.0 

26.2** 

40 

91.5 

3.96** 

77 

Mo 

4.75 

11.79** 

73 

0.59 

10. 0»* 

64 

Sr 

48.5 

11.8** 

33 

1C. 3 

19.0** 

58 

Ba 

41.0 

10.3** 

48 

10.9 

64.5** 

47 

Live 

BI01D.IS8 

191.0 

48.5** 

41 

t Units 

arc  percentage  for  S,  P, 

K,  Ca, 

and  Mg  and 

arc  i)g  g'^ 

(ppm) 

for  other  nutrients. 

t ■■  F ■ 8tatlRtir.ll  prob.ihlllty  that  bimonthly  chanRcs  are  BlRnfflcnnt 
and  Is  included  tor  comparisons  amonp,  times  of  sampling.  Notations 
following  numerical  entries  arc  as  follows: 

* - P «0.05 
**  - P '0.01. 

t Units  are  g for  N,  P,  K,  Ca,  and  Mg  and  are  mg  ra~^  for  other 
nutrients. 


'*  % 


Table  1)20 

Analyols  of  Varlnnrr  St  .if  1 st  Ic-i  of  Tiimue  Nutrlonta 


in  r.  iiiriniinls 


Conrcnl rat  Ion 


Tot.i  1 Nil t r IjMi t lUT 


Nutrient  Ann.  Mo.int  K V.iluo  + * ('V,  7.  Anr.  Meant  p V.iluc**  CV,  i 


for  other  nutrients. 


++  F • statistical  probabllltv  that  bimonthly  chances  are  significant 
and  Is  Included  for  (omparlsons  among  times  of  sampling.  Notations 
following  numerical  entries  are  as  follows: 

* - P *0.05 
**  - P <0.01, 

t Units  are  g ra"^  for  N,  P,  K,  Ca,  and  Mg  and  are  mg  for  other 
nutrients. 


■ 


table  U2I 


Analysts  of 

Variance  Statistics 

of  Tissue 

Nut  r lent  s 

1(1 

Concent  rat  ion 

Tot  al 

Nutrient  per 

Nutrient 

Ann.  Meant 

F V.il.ie** 

CV.  1 

Ann.  M»’an 

**  F Valued 

CV,  7. 

N 

0.783 

1.72 

24 

4.92 

1.50 

48 

P 

0.086 

7.67** 

21 

0.551 

2.33 

56 

K 

0.551 

1.25 

34 

3.53 

0.43 

68 

Cm 

0.074 

6.10** 

34 

0.483 

2.17 

67 

Mg 

0.082 

3.47* 

32 

0.513 

1.46 

50 

Hn 

56.3 

1.58 

35 

39.2 

1.25 

75 

Fe 

123.0 

2.98* 

50 

81.9 

1.53 

72 

B 

8.i.3 

2.12 

30 

4.97 

2.05 

50 

Cu 

8.57 

0.71 

124 

5.76 

1.24 

144 

Zn 

13.5 

2.91 

64 

8.20 

2.34 

61 

A1 

98.6 

2.15 

50 

68.0 

1.85 

88 

Ho 

1.35 

1.37 

40 

0.893 

1.10 

74 

Sr 

8.70 

2.42 

36 

5.43 

0.68 

62 

Ba 

6.97 

2.42 

51 

4.70 

1.81 

73 

Live 

Blrsiass 

642.0 

1.51 

48 

+ Units 

are  percentage  for  N,  1 

1>,  K,  Ca, 

and  Mg  and 

are  i:g  g"( 

(ppm) 

for  other  nutrients. 

tt  F ■ statistical  prohabilitv  th.it  hlronthly  changes  art  significant 
and  is  included  iur  cunparisons  among  times  of  sampling*  Notations 
folloving  numerical  entr'es  are  ns  follows: 

* - V 0.05 
**  - P <0.01. 

t Units  are  g m“2  for  N,  P,  K,  Ca,  and  Kg  and  are  mg  m"^  for  other 
nutrients. 


•’’..■^”  .'''*^"1  'S»‘ 
1-«1  iriMli 


w*  ■ 1. 


; 


Table  D22 


f*”"  Stand  Ing  f^^0£.  of 
Sutrlrnts  In  the  l.tve  Shoot  a ol  S 


ill  1 1 rn  1 1 lora 


Nutrient 


RcRreHslon  Equal  Ion 


Y - 0.79  + 0.0079  1. 


Y - 0.083  + 0.00099  W 


Y - -0.00014  + 0.0044  W 


■ standing  crop  of  nutrients  In  live  slioots  (g  for  nutrients 
1-5,  eg  m-2  for  nutrients  6-14).  W - dry  ut  of  live  shoots  In 
g m-'i. 

All  regressions  are  highly  significant  (P  <0.01)  unless  otherwise 
Indicated. 
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Table  D23 


RcgrcHHlon  Fqiiatlonw f nr  Stand  1 n£_rrnp  of  MlniT.i I 

Nut  r li-nl  ^ I II  t lu’  1 I w sImiois  oI  1). 


Nutrient 


jresston  rqu.itloM 


- 1.66  + 0.72  W 

- 0.072  + 0.11  W 


- 3.78  + 0.13  V 


- -0.13  + 0.096  W 


0.16  + 0.10  W 


- -33.4  + 0,36  W 


• 251  - 0.00046  W 


O.OO"® 


O.OO"" 


2.7  + 0.000''7  W 


0.78  + 0.00051  W 


0.053  + 0.0016  W 


- 126  + 0.0067  W 


0.02"" 


0.40  + 0.00015  W 


1.02  + 0.00087  W 


0.96  + 0.000074  W 


0.19* 

0.01"" 


Y " Kt.indinf;  crop  of  nutrieiitH  In  live  shoota  (r  for  nutrlenta 
1-5,  *R  for  nutrients  6-14).  U’  - dry  wt  of  live  shoots  In 

g 

*.* 

All  roRresslons  arc  highly  significant  (P  <0.01)  unless  otherwise 
Indicated. 
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Table  1)24 

I ^*’2r  ^ ^ 1 

NiitrlfnlH  In  ihe  Live  Slu'otH  of  J.  roemir  limns 


S'utrlcnt 

Regression  Pquntlon* 

r2 

N 

Y - 

-0.35  + 0.010  W 

0.71 

P 

Y • 

0.047  + 0.0011  W 

0.81 

K 

Y - 

0.038  + 0.0087  W 

0.77 

Ca 

Y - 

0.15  + 0.00039  W 

0.26 

Mg 

Y - 

-0.26  + 0.0015  W 

0.75 

Mn 

Y - 

2.6  + 0.073  W 

0.70 

Fe 

Y - 

-38.8  + 0.23  W 

0.61 

B 

Y - 

-1.71  + 0.019  W 

0.83 

Cu 

Y - 

1.1  + 0.0057  W 

0.41 

Zn 

Y - 

4.1  + 0.0085  W 

0.36 

A1 

Y - 

-11.5  + 0.20  W 

0.42 

Mo 

Y - 

-0.16  + 0.0018  W 

0.59 

Sr 

Y - 

0.44  + 0.0067  W 

0.54 

Ba 

Y - 

0.24  + 0.000038  W 

0.00"® 

• ntnndinf^  crop  of  nutrients  In  live  shoots  (r  oT^  for  nutrients 
1-5,  CR  bi"2  for  nutrients  6-14).  Dry  ut  of  live  shoots  In 

g 0-2. 

All  regressions  are  highly  significant  (P  <0.01)  unless  othervlsc 
Indicated. 
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Tli' *-9""  Xf’  "'><)(  ng  Jrop  of  “In.  r.l 
N<Hrlcntw  In  tlic  live  !.bo<n  w oj  S.  i vii/isur  c 1 f|«^; 


Nutrient 

Regression  riiuntlon' 

r-’ 

N 

Y 

■ 

0.32  + 0.007  W 

0.79 

P 

Y 

■ 

0.09  + 0.00066  W 

0.67 

K 

Y 

« 

0.39  ♦ 0.0035  W 

0.39 

Ca 

Y 

• 

0.038  + 0.0013  W 

0.66 

Mr 

Y 

M 

-0.0087  + 0.0017  W 

0.83 

Mn 

Y 

■ 

9.4  + 0,0082  U 

0.  55 

Ke 

Y 

• 

3.8  + 0.012  W 

0.54 

B 

Y 

m 

0.34  + 0.00041  W 

0.49 

Cu 

Y 

m 

0.22  + 0.00060  W 

0.68 

Zn 

Y 

m 

0,10  + 0.0016  W 

0.83 

A1 

Y 

m 

1,5  + 0,0023  W 

O.ll"* 

Mo 

Y 

•I 

0.080  + 0.000089  W 

0.66 

Sr 

Y 

■ 

0,57  + 0.00081  W 

0.69 

Da 

Y 

■ 

0.19  + 0.000027  W 

0.03"* 

y “ Rt.'indinf;  crop  of  luiirfcnts  In  live  shoolR  (r  m~‘  for  nutrlcntn 
1-5,  og  for  ntjlrlcncs  6-14).  W • dry  wl  of  live  shoots  In 
R 

All  regressions  ore  highly  significant  (P  0.01)  unless  otherwise 
Indicated. 
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Table  D27 

R«*gre»»  Ion  FjjuatJon»_f  or  Sj  an<^tn^  j:rop  rf 

Nutrient*  In  the  Live  Shoutn  ot  I',  r umn-.iin  1 s 


Nutrient 


R cpreHslon  RoiU at  Ion 


N 

Y 

m 

0.  75  0.C14  U 

0.75 

P 

Y 

m 

0.12  -h  0.0019  W 

0.64 

K 

Y 

m 

1.38  + 0.014  W 

0.61 

Ca 

Y 

m 

-0.35  ♦ 0.0021  W 

0.81 

Mg 

Y 

m 

-0.093  + 0.0014  W 

0.40 

Mn 

Y 

m 

-20.9  ♦ 0. 11  W 

0.72 

Fe 

Y 

m 

27.3  + 0.13  W 

0.24 

B 

Y 

m 

-0.71  + 0.0078  U 

0.87 

Cu 

Y 

m 

-0.25  ♦ 0.011  U 

0.90 

Zn 

Y 

m 

0.73  + 0.0)3  W 

0.87 

A1 

Y 

9' 

10.8  + 0.046  W 

0.29 

Mo 

Y 

m 

-0.017  + 0.0012  V 

0.61 

Sr 

Y 

m 

-2.9  + 0.017  W 

0.78 

Ba 

Y 

m 

-1.32  + 0.011  W 

0.77 

" standing 

crop 

ol 

nutrients  In  live  shoots 

(g  b“‘  foi 

1-5,  mg  o"*-  for  nutrients  b-H).  W ■ dry  wl  of  live  shoots  In 
, R 

All  rugrcsHlons  arc  highly  significant  (P  <0.01)  unless  otherwise 
Indicated . 


Table  U28 


salon  Iquatlona  for  Standing 

Crop  of  Mlner-i1 

Nutrients  Ir  riie  live  Shoots 

of  S.  p.it  ens 

Nutrient 

Regression  F.quatlon* 

r2“ 

S 

Y - 0.58  -f  0.68  W 

0.79 

P 

Y - -0.069  + 0.097  W 

0.82 

K 

Y - -0.43  ♦ 0.62  W 

0.75 

C.1 

Y - -0.10  + 0.091  W 

0.68 

Mg 

Y - 0.17  ♦ 0.053  W 

0.40 

Mn 

Y -14.8  + 0.084  U 

0.82 

Fe 

Y - -4.91  ♦ 0.14  W 

0.50 

B 

Y - 0.22  + 0.0074  W 

0.77 

Cu 

Y - 0.35  + 0.0084  W 

0.10"" 

Zn 

Y - 0.33  + 0.012  W 

0.51 

A1 

Y - -37.3  + 0.16  W 

0.68 

Mo 

Y - -0.25  + 0.0018  W 

0.74 

Sr 

Y - 0.92  + 0.0070  W 

0.47 

Ba 

Y - -0.45  + 0.0080  W 

0.49 

♦ ty 

Y “ standing  crop  of  nutrients  In  live  shoots  (g  for  nutrients 
1-5,  Bg  ni~2  for  nutrients  6-14).  W - dry  wt  of  live  shoots  In 

4*  8 

All  regressions  are  highly  significant  (P  <0.0!)  unless  otlicrwlse 
Indicated. 


-*  'V 


\ 

t 

i 

I 

I 

I 


1 


i 


'I 


j 

APPCTDIX  E:  SALINITY  AND  SEDIMI^T  DRAINACl.  FSFKCTS  ON  IHF  CROUTH 
AND  CAKJiOS  MOXIiiK  FXi'lUNi.h  :>\I.l  MAR^H  I’ly'.Ni  SPl.CIFS 

Int  rodurt Ion 

1.  The  vegetation  of  the  salt  narshes  Is  composed  of  a relatively 
fev  specie*  of  grasses  and  sedge  i that  occupy  fairly  distinct  rones 
(Nlchsls  1920;  Wells  1928;  Penfound  end  Hathaway  1938;  Hlnde  19S4;  and 
Kurts  and  Wagner  1957).*  The  low  species  diversity  and  high  productivity 
of  this  habitat  are  Indicative  o'  a stressed  ecosystea  (Odum  1971). 

Moet  research  on  this  subject  indicates  that  the  stress  facto.-s  are 
cdaphlc  end  hydrologic  rather  than  ''lotlc.  There  Is  less  agreement  as 
to  what  t.iese  factors  are.  Penfound  (1952)  has  sunsarlzed  those  he 
considered  to  affect  plant  community  distribution  In  southern  svaorps  and 
marshes.  However,  literature  pertaining  to  specific  stress  facters  In 
tie  salt  marsh  Is  scanty,  .hose  stress  factors  most  coonor.'y  thought  to 
dutirmlne  plant  distribution  In  salt  marshes  are  salinity  and  flooding 
cc/.ndltlons.  The  effects  of  high  salinity  on  plant  growth  are  osrotlc, 
toxic,  and  competitive  with  nutrients. 

2.  Early  studies  of  the  efi  'cts  of  salinity  on  the  growth  and 
distribution  cf  salt  marsh  species  were  based  on  field  studies  (Johnson 
and  York.  1915;  Taylor  1939;  Reed  1947;  Jackson  1952).  In  general  these 
reports  indicated  that,  cf  the  major  grass  species  Inhabiting  the  salt 
marsh,  Spartlna  alternlflora  was  the  most  tolerant  to  salinity.  Moo-Ing 
ct  al.  ('971)  showF  it  seedlings  of  S.  a It  err,  i f Icra  grew  taller  In 


* References  at  er  '3  appendix. 
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0.5  to  1.0  percent  N«C1  ihun  In  0 percent.  Se«t  growth  as  oieestired  by 
Increase  In  dry  weight  occurred  in  concentrations  ol  0.5  percent  Natl. 
Greenhouse  studies  by  Adams  (1903)  Indicated  that  Plstlchlls  splcata 
could  tolerate  higher  N..C1  concentration  than  9.  sltemlf lor.i  or  .Tuncua 
roemerlanus.  Seneca  (L9/2)  showed  that  Spartlna  patens  had  the  highest 
tolerance  to  salt  although  best  growth  took  place  In  fresh  water;  however, 
neither  altemiflora  nor  D.  splcata  were  Included  In  this  study. 

Phleger  (1971)  h.i8  shown  that  Spartlna  f ollosa  grew  beat  in  fresh  water. 

In  contrast,  Webb  (1966)  showed  that  Sai Icomla  blgelovll  seedlings 
showed  best  growth  at  10  g t NaCl,  while  plants  grown  In  fresh  water 
died.  Gale  ct  al.  (1970)  shoved  that  the  effect  of  salinity  on  the 
gre /th  of  Atrlplex  hallmus  depended  on  humidity.  With  high  humidity. 
Increasing  the  salinity  of  the  medium  brought  about  t redoition  In 
growth;  however,  at  lov  humidity,  growth  was  optimum  at  120  mM  1“^  NaCl. 
Black  (1960)  showed  a reduction  in  dry  matter  yields  of  root  • and  shoots 
of  Atrlplcx  vlnlsn  with  Incren-.lng  salinity.  Greenway  (1968)  showed 
that  optlnnim  Rri>wth  of  Atrlplex  numularla  occurred  at  100  aM  1*^  NaCl. 
Aahbv  and  Beadle  (1957)  grew  Atrlplex  inf lata  and  A.  numularla  In  differ- 
ent edits  end  showed  Increased  growth  In  both  si-ecles  to  added  sale,  the 
greatest  response  being  to  NaCl,  then  to  KCl,  and  lastly  to  Na2S0^. 
Similar  results  were  obtained  by  Motafar  el  al.  (1970)  for  A.  haltcus. 

Salinity 

3.  Salinity  aft'-ct:  not  only  the  overall  growth  of  the  whole 
plant  but  aiso  the  differential  growth  rate  of  Its  organs.  He^e  again, 
the  effect  depends  on  tlic  species.  According  to  Troughton  (1960)  and 
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Stocker  (1960),  water  stress  favors  on  Increase  In  the  rootishoot  ratio. 
However,  In  a later  study  Troughton  (1967)  showed  that  high  salinity 
reduced  root  growth  sonewhat  move  than  it  did  shoot  growth,  concluding 
that  the  effects  of  high  salinity  are  different  fr^..!  the  effects  of 
water  stress  per  se.  High  salinity  reduced  growth  of  roots  and  shoots 
to  the  ear.;  degree  In  Llmonlum  vulgarc  (Boorman  1968).  Repp  (1939),  as 
cited  In  Valsel  (}972),  has  given  values  of  shoot rroot  ratios  for  vari- 
ous halophytes  Indicative  of  hi-  ratios.  However,  uany  <ialt  marsh 
species  were  not  Included. 

4.  The  literature  on  the  effect  of  salinity  on  the  growth  ot 
agriculturally  economic  species,  particularly  of  forage  crops.  Is  more 
abundant  (Creenway  1962;  Creenway  and  Rogers  1963;  Troughton  1967;  Eltam 
and  Epstein  1969).  Walscl  (1972)  has  given  schematic  representations  of 
the  effects  of  salinity  on  the  growth  curve  of  glyccphytea  and  halophytes. 
The  gro%{th  of  a typical  halophyte  Increased  with  salinity,  reached  a 
maxiaium  at  some  concentratlcn,  and  declined  with  further  increases  In 
salinity.  The  growth  of  glyccphylcs  decreased  linearly  with  Increasing 
salinity  In  the  medium.  Walsel  Included  a third  category,  semlhalophytcs , 
which  showed  a growth  respoase  Intermediate  to  halophytes  and  glycupl.ytea . 


Flooding 

5.  Literature  dealing  with  the  effect  of  flooding  on  plant  growth 
Is  scarce.  Flooding  conditions  create  an  aneerobl:  environment  around 
the  root  system  that  few  species  can  lolerate.  Plants  adapted  to  live 
under  flooded  sediment  sajst  develop  some  mechanism  to  provide  for  metabo- 


lism of  roots  growing  .'n  an  c xyg-n-doplet cd  environment.  Kiuk onnlre  ^1974) 


Bentloned  that  these  adaptions  are  morphologic  or  physiologic.  Alberda 
r 

>*.  (1953)  mentioned  three  forms  of  adaption  to  a reduced  medium  around  the 

roots  of  plants:  (1)  ability  to  transport  oxygen  (O2)  from  shoots  to 
roots,  (2)  root  tolerance  to  low  O2  concentration,  and  (3)  development 
of  specialized  roots  or  organs  to  obtain  O2  from  the  surface  and  trans- 
port It  to  roots  below.  Lalng  (1940)  reported  that  rhizomes  of  several 
aquatic  species  survived  under  anaerobic  conditions  without  any  signs  of 
' Injury,  concluding  that  these  species  respire  anaerobically  under  natural 

conditions,  at  least  part  of  the  time. 

6.  Under  anaerobic  reduced  conditions,  the  availability  end  cheiol- 
csl  form  of  many  elements  are  affected  (Turner  and  Patrick  1966),  making 
some  elements  Uniting,  while  others  may  reach  toxic  concentrations. 

7.  Despite  the  fact  that  salinity  and  flooding  have  been  recog- 
nized for  a long  time  as  factors  affecting  the  growth  of  plants  In  the 
salt  marsh,  little  Is  known  about  the  mechanism  of  adaption  by  the 
plants.  This  study  concerns  the  effect  of  salinity  and  flooding  con- 
ditions on  several  growth  parameters  of  salt  marsh  plant  species. 

Materials  and  Methods 

Plant  material 

H.  Plants  wr.re  grown  from  sieds  collected  in  the  Baratarla  Bay 
area  t...  south  Louisiana.  Seeds  were  spread  In  trays  on  a mixture  of 
sand  and  peat  or  on  sediment  brought  from  the  field,  ^nd  the  trays  were 
covered  and  placed  in  a daik  growth  chamber  at  30*C.  After  5 to  7 days, 
the  trays  were  taken  out  of  the  dark  and  placed  In  a growth  chamber 
under  a 16-hour  photopcrlod  at  19000  lux  and  a therrooporlod  of  20*C  dark. 
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* 30*C  light.  Wh«n  the  seedlings  reached  the  2-  to  J-lcaf  state,  they 

were  transferred  to  the  different  treatments  as  described  below. 

Salinity  studies 

9.  The  seedlings  were  washed  free  of  sand  or  sediment  and  trans- 
ferred to  half-gallon  polyethylene  buckets  containing  a modified  Hoag- 
lands  solution  (Johnson  et  al.  1957).  Ten  seedlings  were  Inserted 

. ► through  perforated  holes  on  the  top  of  the  containers  and  supported  with 

> 

» strip  of  Permagum  (Virginia  Chemicals  Inc.).  The  containers  were 
placed  in  a growth  chamber  under  the  same  light  and  temperature  condi- 
tions as  described  above,  and  the  seedlings  were  allowed  to  grow  for  1 
week  before  the  salt  treatment  was  applied.  No  attempt  was  made  to 
aerate  the  nutrient  solution  since  these  species  grow  under  anaerobic 
conditions  in  the  marsh,  and  earlier  tests  (Cossellnk  1970)  showed  no 
response  to  aeration.  Sodium  chloride  was  added  to  the  nutrient  solution, 
starting  with  1 g t,"3  and  doubling  the  concentration  every  3 or  A days 
until  the  final  concentration  was  attained.  The  nutrient  solution  was 
changed  every  time  salt  was  added,  and  the  plants  were  rinsed  with  tap 

water  to  remove  salt  accumulated  on  the  leaves.  The  plants  were  allowed 

to  grow  for  a period  of  21  days  after  the  final  salt  increment  to  the 
medium,  during  which  time  the  solution  wss  changed  twice  a week.  On  the 
twenty-first  day,  the  plants  were  hart'ested  and  washed  v'lth  tap  water; 
the  length  of  the  culm  measured;  and  the  fresh  weight  determined.  The 
tissue  was  dried  at  70*C  In  a forced  draft  oven  for  2 weeks  before  dry 
weight  determinations  were  made. 
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Drainage  condition  atudy 

10.  Seedlings  were  tranaplantcd  to  half-gallon  plastic  pota  con- 

taining a CDlxture  of  50  percent  river  sand  and  50  percent  sediment  (very 
fine  organic-rich  slit  from  the  Barstarla  Bsy  area).  One  seedling  was 
transplanted  to  each  container,  ten  drained  and  ten  flooded.  The  sa- 
linity of  the  sand-scdlmcnt  mixture  ranged  from  2 to  5 g A plati- 

num (Pt)  electrode  was  inserted  to  a depth  of  3 in.  in  the  sediment  in 
each  of  three  drained  and  flooded  pots  to  monitor  the  redox  potential 
(Bi)  of  the  substrate.  The  pots  were  watered  dally  with  deionized  water 
and  once  a week  with  Koagland's  solution  In  which  NH^N03  was  the  source 
of  nitrogen  (N).  In  order  to  prevent  loss  of  nutrients  from  drained 
pots,  a cup  was  placed  under  the  pots  and  this  water  recycled.  The 
seedlings  were  grown  in  the  greenhouse  under  natural  light  Intensity 
from  16  February  to  23  April  i976,  when  all  the  plants  were  harvested 
and  washed  with  tap  water,  and  fresh  weight  and  culm  length  determined. 

The  plants  were  dried  and  weighed  as  described  earlier. 

Carbon  dioxide  exchange  determlnatlona 

11.  Potted  plants  were  enclosed  In  a cylindrical  Plexiglas  cuvette, 
30  cm  in  diameter  by  77  cm  high  and  carbon  dioxide  (CO2)  exchange  measured 
as  described  In  Appendix  G.  The  cuvette  was  placed  under  a metal  halide 
lamp  located  In  a darkened  room  such  that  the  light  Intensity  at  the  top 
of  the  plant  was  about  4A000  lux.  The  CO2  content  of  air  entering  and 
exiting  the  cuvette  was  recorded,  switching  from  one  to  the  other  until 
three  consecutive  readings  had  reached  a steady  state.  After  CO2 
exchange  In  the  light  had  been  determined,  CO2  evolution  In  the  dark  was 
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Beaaurcd,  (The  systeD  usually  took  about  30  nlnutos  to  rcnrh  a nev 
steady  state.)  After  cofipletlun  of  CO2  exchange  dctenninat  Ions , the 
culms  were  harvested  and  the  leaf  blade  area  detcnalnod  with  an 
electronic  leaf-area  meter. 


Results 

Effect  of  NaCl  on  growth  paraaetera 

12.  The  effects  of  salt  on  the  dry  weight  accumulation  of  S. 
alternlflors  are  sunriirlxed  In  Table  El.  The  NaCl  In  the  nutrient 
medium  reduced  the  dry  weight  at  concentrations  of  16  g or  higher. 
However,  at  lower  salt  concentrations  NaCl  did  not  appear  to  affect  dry 
weight.  Sixteen  g t”l  of  NaCl  reduced  the  dry  weight  to  about  55  per- 
cent of  that  of  plants  grown  without  salt.  Doubling  the  salt  concen- 
tration to  32  g further  reduced  the  dry  weight  to  about  24  percent 

of  that  of  plants  grown  In  fresh  water.  High  salinity  had  a differential 
effect  on  the  growth  of  shoots  and  roots.  At  16  g 1“^  NaCl  reduced  the 
mean  dry  weight  of  roots  to  about  71  percent,  while  the  mean  dry  weight 
of  shoots  was  50  percent  of  that  of  plants  grown  In  fresh  water. 

Similar  results  were  obtained  with  plants  grown  at  32  g NaCl.  The 
differential  effect  of  salinity  on  root  and  shoot  growth  Is  shown  In  the 
rootishoot  ratio.  Plants  lacking  NaCl  In  the  root  medium  showed  a low 
root  to  shoot  ratio  compared  to  plants  grown  In  the  presence  o.’  NaCl. 

The  dry  weight  to  fresh  weight  ratio  was  not  Influenced  by  salt  concen- 
trations up  to  16  g t“^  but  Increased  at  32  g 1“'. 

13.  The  effect  of  salinity  on  the  length  of  the  culm  Is  shown  in 
Figure  F.l . High  NaCl  reduced  culm  length  significantly.  At  16  g l"^ 
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the  culm  length  wac  about  SB  percent  of  that  of  plants  grown  In  nutrient 
solution  without  salt.  At  32  g 1“^,  it  was  about  45  percent  of  the 
control.  Salinity  between  2 and  8 g t“^  reduced  the  culm  length 
slightly. 

14.  The  effect  of  subatrate  NaCl  on  the  accuoulstion  of  dry  weight 
in  Spartlna  cynoBuroldes  is  aucmarlzcd  in  Table  K2.  Low  salinities  (1  to 
4 g t“^)  appear  to  have  very  little  effect  on  the  dry  weight  of  this 
species.  However,  salinities  of  16  g l"^  or  above  reduced  the  dry 
weight  significantly.  The  mean  dry  weight  of  plants  grown  with  16 

and  32  g 1 ^ of  NaCl  In  the  medium  was  about  47  end  19  percent,  respec- 
tively, of  that  of  plants  grown  In  fresh  water.  There  Is  an  Indication 
of  growth  inhibition  at  4 and  fl  g 1“^  also.  Shoot  dry  weight  was 
affected  to  a greater  degree  than  root  dry  weight.  At  16  g i~^  NaCl  the 
mean  root  dry  weight  was  54  percent  of  roots  of  freshwater  plants,  while 
mean  shoot  dry  weight  was  45  percent.  The  differential  inhibition  of 
root*  and  shoots  is  even  greater  at  32  g 1“^  NaCl,  where  the  oiean  dry 
weight  of  roots  was  49  percent  of  freshwater  roots,  while  the  mean  shoot 
dry  weight  was  18  percent  of  freshwater  shoots.  As  a result  the  root: 
shoot  ratio  for  plants  grown  in  fresh  water  was  lower  than  for  plants 
grown  in  the  presence  of  NaCl  in  the  medium.  There  Is  also  a trend 
toward  an  Increased  dry  weight  to  fresh  weight  ration. 

15.  The  effect  of  salinity  on  culm  length  in  S^.  cynoauroldes  is 
shown  in  /Igure  E2.  Low  salinities  had  little  effect  on  the  length  of 
the  culm;  however,  salinities  of  16  and  3;!  g significantly  red  iced 
the  culm  length. 
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16.  A ■uimiiry  of  the  effect  of  substtate  NaCl  concentration  on  the 

dry  welgtit  accumulation  In  p.  aplcata  la  presented  In  Table  Tl.  The 
NaCl  at  all  concentrations,  except  32  g t"*,  failed  to  affect  the 
accumulation  of  dry  weight  compared  to  control  plants  grown  In  fresh 
nutrient  media.  Indeed,  plants  grown  In  NaCl  at  1 to  16  g 1*1  are 
slightly  stimulated.  The  mean  dry  weight  of  plants  grown  In  32  g t"l 
NaCl  was  66  percent  of  that  of  plants  grow  li.  freshwater  nutrient 
medium.  The  dry  weight  of  roots  Increased  with  Increased  salinity  up  to 
16  g At  32  g t"l  NaCl  the  root  dry  weight  was  less,  81  percent  of 

the  roots  of  control  plants,  while  the  dry  weight  of  shoots  was  considera- 
bly lower,  62  percent  of  the  dry  weight  of  shoots  of  plants  grown  In 
fresh  water.  The  differential  effect  of  salinity  on  the  grewth  of  roots 
and  shoots  la  indicated  by  the  root:8hoot  ratio  as  salinity  In  the  root 
medium  was  Increased.  It  appears  that  salt  concentrations  above  2 g 
favored  root  growth  over  shoot  growth.  No  trend  was  evident  In  succulence 
as  Indicated  by  the  dry  weight  to  fresh  weight  ratio. 

Effect  of  sediment  drainage  conditions 
on  growth  parameters 

17.  Drained  vs.  flooded  sediment  conditions  had  little  effect  on 
the  accumulation  of  dry  weight  In  S.  sltemlf lora  plants  (Figure  F.3). 
However,  under  drained  conditions  the  dry  weight  accusulatlon  by  roots 
(roots  and  rhltones)  was  significantly  lower  than  under  flooded  conditions. 
Shoot  dry  weight  accumulation  was  not  significantly  different  between 
drained  and  flooded  plants.  Drainage  conditions  did  not  ha\e  any  signifi- 
cance in  the  length  of  the  culm  (Figure  E4) . The  i'ot:shoot  .'stlo  was 
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different  between  drained  and  flooded  plantn;  0.44  and  0.B7  percc-.t, 
reapect Ivei/. 

18.  Flgurea  M and  F6  show  that  drainage  conditions  of  the  sub- 
strate affected  the  gruvth  of  S.  rynosuroldeg . Under  flooded  c''ndltlonB 
all  parameters  of  growth  were  reduced  although  the  roottshoot  ratio  wai 
unaffected  (0.41  for  flooded  plants,  0.39  for  drained  plants). 

Carbon  dioxide  exchange 

19.  Figure  E7  shows  the  rate  of  CO2  uptake  as  a function  of  cuvette 
CO2  concentration  by  altemlf lora  under  full  sunlight  f"-  96OO0  lux). 
The  net  photosynthetic  rate  falls  off  sharply  below  about  180  ppm  CO2  In 
the  cuvette.  Above  200  ppo  it  Is  relatively  constant.  Measurements  of 
photosynthesis  reported  below  were  always  made  with  cuvette  CO2  concen- 
trations greater  than  250  ppm. 

20.  The  contribution  of  the  leaf  sheath  to  the  total  CO2  uptake 
rate  was  monitored  and  found  to  be  inslgnlf leant  (see  Appendix  C) . 

21.  Tabic  E4  sunmarixes  the  patterns  of  CO2  exchange  by  S. 
alternlf lora  as  affected  by  substrate  drainage  conditions.  There  was 
wide  variation  among  replicate  plants  in  both  drained  and  flooded  sedi- 
ments. Tlic  values  given  for  respiration  were  based  on  the  dry  weight  of 
the  .rule  plant,  although  It  was  not  possible  to  separate  the  contribu- 
tion to  respiration  by  the  sediment.  The  mean  value  of  Eh  over  a 2-week 
period  Is  also  Included.  The  drained  soils  showed  an  oxidized  environ- 
ment around  the  root  system,  while  the  flooded  sediments  showed  a reduced 
environment  around  the  root  system  (around  -100  nV) . 

22.  The  patterns  of  CO2  exchange  by  cynosiiroldea  are  fimmarlzed 
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In  table  E5,  The  rate  of  CO2  abaorptlon  by  planta  In  drained  Hedimonta 
waa  allfhcly  higher  than  in  flooded  aolla  although,  again,  there  waa 
wide  variation  ameng  replicate  aaRplea,  particularly  among  planta  grovn 
under  dralred  conditions.  For  both  apecles  the  respiration  of  the  whole 
cengsHinity  (plant  and  ■edisent)  was  higher  under  drained  conditions  than 
under  flooded  conditions. 

Dlacusaion 

23.  The  salt  cone entr*->' ion  testa  indicated  that  P.  spicata  waa 
the  Most  salt  tolerant  of  tho  three  species  tested,  follovred  by  S. 
alternif  lora  and  S.  cynosuroidea.  Ill  sc  ichl  Is  aplc  <ta  showed  a alight 
lacreaae  in  dry  weight  over  contiol  plants  at  all  ?alt  concentrations, 
except  32  g t”^.  Spart . la  alternif lora  and  cynosuroidea  shoved  very 
little  change  In  dry  weight  at  low  rallnltlea  (1  and  2 g 1*^).  At 
mediua  salinities  (4  to  8 g 1*^),  • definite  deereare  In  dry  weight  was 
shown  by  alternlflora  and  cynosuroidea  but  not  by  D.  splcata ■ At 
16  and  32  g the  dry  weight  of  S.  alternif lots  was  55  and  20  percent 
of  control  plan  j,  respectively,  while  the  dry  weight  of  S,  cynosuroidea 
waa  slightly  less,  47  and  19  percent  of  control  plants,  Hewever,  the 
dry  weight  of  D.  splcata  grown  in  a solution  with  16  g NaCl  was 
greater  than  control  planta,  and  at  32  g 1“^  NaCl,  It  was  66  percent  of 
control  planta.  Theae  results  support  the  findings  published  by  Adama 
(1963)  showing  D.  splcata  to  be  note  salt  tolerant  than  S.  altcmif lora. 

24.  The  effects  of  salinity  on  the  growth  of  roots  and  shoots 
showed  similar  trends.  The  species  arranged  themselves  in  the  same 
order  of  tolerance  to  salinity  bv  roots  and  shoots.  However,  the 


Inhibitory  effect  of  iiallnlty  on  the  accumulat Ion  of  dry  welKht  In  S. 
altcrnlf lora  and  S.  cynowuroldea  waa  greater  In  ahoota  than  It  waa  In 
roots.  In  p.  nplcata,  althcugh  salinity  did  not  Inhibit  growth  except 
at  32  g 1”^,  the  shoot  growth  was  less  than  root  growth  on  a percent  of 
control  basis.  The  differential  effect  of  salinity  cn  the  growth  of 
roots  and  shoots  is  Indicated  In  the  roottahoot  ratio  in  Tables  El-El. 

In  all  three  species  the  roottshoot  ratio  Increased,  particularly  at 
salinities  of  16  and  32  g 

25.  There  was  no  evidence  of  Increased  succulence  brought  about  by 
Increasing  salinity  in  the  nedluts.  The  increase  In  the  dry  welghttfresh 
weight  ratio  with  increasing  salinity  In  £.  altemlf lora  and  cynosur- 
oldes  was  probably  due  to  salt  accumulation  In  the  tissue. 

26.  The  effect  of  salinity  on  the  length  of  the  culm  of  altemi- 
f lora  and  cynosuroldes  shown  In  Figures  F.l  and  F2  further  supports 
the  relative  tolerance  to  salt  In  these  two  species.  The  reduction  In 
culm  length  was  greater  In  cynosuroldes  than  In  S.  alternl flora. 

Culm  length  values  for  D.  splcatn  were  not  included  because  It  was  not 
possible  to  distinguish  the  culm  of  the  original  plant  from  the  culm  of 
tillers. 

27.  Willie  salinity  reduced  the  gr^^wth  of  S.  .i^llernl_fJ_or_n,  floivllng 
the  scdlscnt  did  not  affect  the  shoot  dry  weight  (Figure  F.l)  nor  the 
length  of  the  culm.  On  the  contrary,  root  growth  under  drained  substrate 
conditions  was  significantly  less  than  under  flooded  conditions.  The 
total  dry  weight  of  the  plants  grown  In  drulncd  sedlmirnts  was  slightly 
less  than  that  of  plants  grown  In  flooded  soil.  It  appeared  that  S. 

g 1 1 erni  f lora  growing  on  high  ground  ray  have  a lower  root  r.ass  than 
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plants  glowing  uniler  st  least  aone  flooding.  In  contrast  to  P.  si  tern! - 
flora,  both  dry  velsht  and  culm  length  of  S.  cynosurotdos  In  flooded 
sediments  was  reduced.  This  Indicates  th.it  S.  cynosuroldes  Is  less 
tole'ant  to  continuous  flooding  than  S.  alternlf lora.  However,  these 
plants  were  grown  under  drained  and  flooded  conditions  for  a period  of  2 
months  only,  and  perhaps  this  experiment  should  he  carried  out  In  larger 
contaiiiero  with  longer  growth  periods.  These  results  tend  to  explain 
partially  the  distribution  of  these  two  species  In  the  marsh.  While  S. 
alternlf lora  occupies  the  low  marsh,  cynosuroldes  is  usually  found 
growing  on  the  high  marsh  and  along  levees  and  toad  banks. 

28.  While  accumulation  of  dry  weight  la  a good  Indicator  of  the 
growth  of  a plant,  it  yields  data  In  wSilch  the  plant  response  to  a given 
factor  la  Integrated  over  a relatively  long  time  period.  The  response 
of  a plant  to  a given  Imposed  factor  may  vary  with  the  age  of  the  plant. 
Moreover,  plants,  like  sny  other  organism,  have  the  ability  to  adjust  to 
changes  in  the  environment.  For  example,  plants  Increase  their  osmotic 
potential  In  response  to  an  Increase  In  the  osmotic  potential  of  the 
medium  (Bernstein  1961).  Any  adjustment  of  a plant  to  a partlci-lar 
environmental  factor  does  not  become  apparent  In  dry  weight  accuraulation 
•kudles.  Walsel  (1972)  has  indicated  that  dry  matter  production  is 
reduced  under  conditions  of  low  water  potential  due  to  reduced  photo- 
synthesis and  increased  respiration.  While  this  may  be  true  In  general, 
differe.it  species  may  respond  differently.  Gas  exchange  techniques 
yield  data  In  which  the  response  of  a plant  to  manipulation  of  environ- 
mental factors  con  be  determined  almost  Inoodlately.  Carbon  dioxide 
exchange  by  S.  alternlf lora  and  S.  rcncauroldea  under  flooded  and 
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dr.itned  Hubutrute  cundltlons  Is  sunsnsr  1 7.«'d  In  Tables  K-i  and  F.5.  Total 


CO2  fixation  by  S.  altemi  flora  was  not  alKnlf  Ic.incly  different  In 
drained  and  flooded  plants;  however.  It  was  r.l.'fthtly  hlRhor  In 
cynOBuroldes  grown  under  drained  sedlnent  cond'eiona.  Tlic  photosyn- 
thetic rates  are  calculated  on  « leaf  area  basis  since  the  contribution 
of  the  algal  coemunlty  on  the  soil  surface  could  not  be  detected  upon 
reaoval  of  the  culms.  The  contribution  of  the  leaf  sheath  to  the  total 
photosynthesis  was  also  negligible.  Since  It  was  net  possible  to  sepa- 
rate the  lesplratlou  of  the  plant  from  that  of  soil  microorganisms,  the 
values  given  Include  microbial  reaplratlon.  The  respiration  rate  under 
Iralned  sediment  conditions  was  greater  In  both  speclen.  The  difference 
might  hs?e  been  due  to  increased  02  supply  to  both  roots  and  soil  micro- 
organisms under  drained  conditions. 

29.  The  Eh  of  the  flooded  sediment  In  cynoBuroldcs  ves  slightly 

lower  than  in  altemlf lore.  This  may  be  an  Indication  that  S. 

altcmlflora  has  a more  efficient  mechanism  of  O2  trsiisport  to  the 
roots.  T-sal  and  Kanwlsher  (1966)  have  reported  6.n  O2  diffusion  capacity 
In  S.  slternlf lora  from  one  third  to  twice  the  amount  needed  by  the 
roots,  and  this  O2  may  he  available  to  the  sediment. 

30.  In  summary,  D.  splcata  tolerates  high  salinity  better  than  S. 
alternlf lora.  Based  on  these  results  and  the  results  of  Adams  (1963) 

and  Mooring  ?t  il.  (Iy71),  It  c.in  he  concluded  that  salinity  Is  not  the  factor 

preventing  h.  splc.^ta  from  Inhabiting  the  low  marsh  along  vlth  S. 
alternlf  lora.  Spa^tlM  a 1 1 ern  I flora  on  the  other  hand.  Is  slightly  more 
salt  toleiar.t  than  S.  cynosuroldcs . TTils  slight  difference  In  salinity 
tolerance  mey  not  be  the  principal  factor  restricting  the  latter  spjclcs 

K’.i 


to  th«  high  marsh.  Flooding  coi.Jltlons  the  subsi-atc  appear  to  be 
more  significant  as  a determining  fact--,  as  Indicated  by  growth  date 
and  gas  ex-hange  u.ider  flooded  and  drain  d con(i:tlo"s.  The  data  obtained 
In  this  study  were  consistent  with  field  obbctvatlons  on  the  dlstrlb-it  Ion 
of  cynosuroldeo  In  the  marsh. 

31.  The  results  and  conclusions  presented  in  tb^s  appendix  are 
Ircomplete  and  po^nt  to  the  need  for  continued  research  la  order  to 
clarify  the  factors  Involv'd  In  the  distribution  of  plant  communities  In 
the  salt  marsh. 
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Figure  El.  Effect*  of  aelc  conccatratlon  In  the  root  medium  on  S.  altemlf lore 
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Figure  E2.  Effect  of  salinity  on  culm  length  In  cynosuroldes 
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} Figure  E5.  Effects  of  drained  vs.  flooded  sediment  conditions 
I on  dry  weight  In  cynosuroldes . 
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the  Bechanlsa  that  enables  thea  to  survive  Is  not  knovn.  It  Is  apparent, 
however,  chat  salt  is  not  required  for  growth  and  survival  of  many  of 
these  species  since  they  grow  jtist  as  well  In  fresh  water  (Appendix  E; 
Adams  1963;  Taylor  1939).  The  mechanism  developed  by  mangroves  to 
withstand  an  Identical  stress  Is  better  known  and  Involves  either  the 
exclusion  of  sodium  (Na)  from  the  root  or  excretion  of  salt  from  leaves 
by  salt  glands  (Scholander  et  al.  1962).  Avlcennla  nltlda,  a species 
that  does  not  exclude  salt,  absorbs  potassium  (K)  preferentially  over  Na 
(Rains  and  Epstein  1967). 

2.  In  normal  salt-sensitive  crop  plants,  the  presence  of  high 
solute  concentrations  In  the  root  medium  has  been  shown  to  reduce  the 
absorption  of  nutrients  (Creenway  et  al.  1963;  Smith  et  al.  1973;  Rains 

* References  listed  at  end  of  this  appendix. 
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1972).  Calciua  (Ca)  plays  a niajor  role  In  protecting  such  plants  by 
increasing  their  salt  tolerance.  I.ai1aye  and  Fpatein  (1969),  for  in- 
stance, reported  that  in  the  presence  of  Ca,  bean  seedlings  could 
tolerate  higher  concentrations  of  salt  in  the  root  medium,  and  Elzam  and 
V.pstein  (1969)  found  the  same  relationship  was  true  for  -wo  species  of 
Agropyron  differing  in  salt  sensitivity.  This  may  occur  because  Ca 
reduces  the  Na  Influx.  For  Instance,  Osmund  (1968)  showed  a reduced  Na 
influx  and  K efflux  by  leaf  slices  of  Atriplex  spongiosa  in  the  presence 
of  calcium  chloride  (CaCl2) . Certainly  the  Importance  of  Ca  in  membrane 
Integrity,  especially  as  related  to  mineral  ion  absorption.  Is  well 
documented  (Epstein  1961). 

n 

3.  In  another  study  (Appendix  E),  the  effects  of  salinity  on  the 
growth  of  several  salt  marsh  grasses  were  examined.  However,  in  this 
type  of  study  the  response  of  the  plant  tu  salinity  is  integrsted  over  a 
period  of  weeks  and  not  much  is  revealed  concerning  the  Mchanlsma 
responsible  for  the  observed  psttems  of  growth.  In  order  to  elucidate 
the  adaptive  mechanlsma  "o  high  salinity  developed  by  species  Inhsblting 
the  salt  marsh,  short-term  studies  of  Ion  absorption  may  give  an  Insight 
Into  the  dynamic  response  to  salinity  stress.  The  advantages  and  tech- 
niques of  short-term  tests  of  ion  absorption  in  plant  tissue  have  been 
discussed  by  Epscein  et  al.  (1963).  Spartina  slterniflors  was  chosen  as 
the  experimental  material  because  it  la  the  most  abundant  species  along 
the  gulf  and  east  coasts  of  the  United  States  and  because  more  Is  known 
about  its  ecology  than  that  of  other  salt  marsh  species. 
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Material*  and  Hethoda 


Seed  Rcnalnatlon 

4.  Planta  were  grovn  froM  seed  as  follows;  Seeds  were  spread  on 
the  surface  of  sand  or  sedlaent  brought  from  the  field  and  allowed  to 
8*r*ln*te  in  the  dark  at  30*C.  After  a week,  the  trays  were  Boved  to  a 
growth  chaaber  with  a photoperiod  of  16  hours  at  an  Intensity  of  17000 
lux,  and  a temperature  of  30*C,  and  an  8-liour  dark  period  at  20*C.  After 
the  plants  were  about  2 In,  tall  (approxlaately  3 weeks  fro*  genalmi^lon) , 
they  were  washed  free  of  ssnO  or  sedlacnt  and  transferred  to  2-1  black 
polyethyelenc  containers  with  half  strength  Hoagland's  solution  as 
■odlfled  by  Johnson  et  al.  (1957).  iron  (Fe)  was  supplied  at  a concen- 
tration of  5 ag  Fe  1“^.  Plants  (ten  per  container)  Inserted  through 
holes  In  the  top  of  the  containers  were  supported  by  a strip  of  Peraagua 
(Virginia  Chemicals  Inc.)  pressed  gently  around  the  stea.  After  a t«eek 
of  arcllaatlon,  the  different  treataents  were  started  as  described 
below. 

Ion  uptake  studies  with  excised  roots 

5.  After  being  transferred  to  a nutrient  eolution,  the  seedlings 
were  grown  with  or  without  salt  (as  dcteralncd  by  the  subsequent  test 
traataent)  for  a period  of  2 wf.tks,  at  which  time  root  growth  was 
abundant.  The  solution  was  then  changed  to  2 aM  CaCl2  (sgaln  with 
or  without  salt  as  the  trestaent  dictated)  and  grown  with  frequent 
changes  to  lower  the  nutrient  level  in  the  root  tissue.  After  1 week  In 
this  solution,  2-ca  apical  segaents  of  roots  were  cut  and  used  iicaedl- 
ately  to  deteralne  short-term  absorption  rates.  The  technique  used  was 
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that  of  Epaieio  at  al.  (1963),  axcept  th.it  a flnr-aeah  nylon  naterlal 
waa  uaed  to  hold  the  tlaaue  during  the  cxperinental  procedure.  The 
baalc  procedure  conalated  of  allowing  the  tlaaue  to  abaorb  rubldlua  (Rb) 
froa  600  al  of  a aolutlon  of  rubldlua  chloride  (RbCl)  labelled  with 
®^b  and  CaClj  of  known  concentration  for  30  alnutca  at  30*C,  after 
which  tlac  abaorptlon  waa  dlacontlnued  by  three  1-alnutc  rlnaca  with  a 
cold  (3*C)  aolutlon  conalatlng  of  2 oK  CaClj  and  b iM  potaaalua 
chloride  (KCl).  Each  aaaple  waa  allowed  to  deaorb  for  a further  30> 
■Inute  period  In  a aolutlon  of  Identical  coapoaltlon  and  teapera^ure  aa 
Che  rlnaa;  after  which  the  aaxiplea  were  rlnaed  with  dlatllled  water, 
pieced  in  alualnua  (Al)  plancheta,  and  aahed  at  500*C.  Tha  activity  of 
each  aaaple  waa  dctcralned  with  a Bcckaan  wlodowlcaa  gaa  flow  counting 
eyacea.  Superlapoeed  on  thla  general  aathod  were  varloua  aodlf Icatlona 
that  are  deacrlbed  below. 

Ion  uptake  by  Intact  eeedllnge 

6.  Tha  aeedllnga  were  grown  In  nutrient  aolutlon  la  polyethelene 
contalaara  aa  deacrlbed  before.  They  were  divided  Into  two  groupa.  To 
one  group,  10  g NaCl  waa  added  regularly  every  tlaa  tha  aolutlon  waa 
changed.  The  other  group  waa  grown  In  nutrient  aolutlon  only.  The 
aeadllngs  were  allowed  to  grow  2 veeka  before  the  aolutlon  waa  changed 
to  2 rfl  1“^  CaCl2  plua  10  g t“^  NaCl.  After  3 daya  In  thla  aolutlon  tha 
txperlaent  waa  carried  out.  At  thla  tine  Individual  aeedllnge  were 
rlnaed  with  dlatllled  water  and  auapended  on  a glaaa  rod  over  a 2-edl 
CaClj  aolutlon  with  the  roota  aubiwrged  to  within  1 ca  of  the  baae  of 
the  L'ten  until  five  aeedllnga  were  Mounted.  The  aeedllnga  were 
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transferred  to  an  abeorptlon  solution  consisting  of  1 oH  t~^  RbCl  Isbel- 
Isd  with  ®6Rb  snd  2 tH  1"1  CsCl2«  To  this  basic  absorption  solution,  10 
K NaCl  was  added  as  needed,  according  to  erperlaental  design.  The 
teaperature  of  the  absorption  solution  was  nalntalned  at  30*C  by  a water 
b'ath  and  the  seedlings  allowed  to  absorb  Rb  for  U hours  under  roow 
lllualnatlon.  After  absorption,  the  plants  were  given  three  l-alnuta 
rlnaea  in  a cold  (3*C)  solution  consist InR  of  2 wM  CaCl2  plus  5 jH 
1~^  KCl  to  raaova  Rb  adsorbed  to  the  root  surface.  The  plants  wera 
separated  Into  roots  and  shoots,  and  the  fresh  weight  ')f  the  roots 
detemlned.  The  roots  sad  shoots  wore  packed  lightly  la  separate  teat 
tabes,  and  the  radioactivity  determined  by  a sodium  Iodide  (Nal)  crystal 
gamma  scintillation  system. 

7.  Tbs  results  represent  values  obtained  from  single  experiments. 
Each  experiment  was  performed  two  or  more  times,  and  all  data  obtained 
are  consistent  with  the  following  results. 


taeults  and  Discussion 

8.  The  tffac'  of  Incraaslng  Rb  concentration  on  the  rate  of  Rb 
sbaorp'’  Ion,  shown  In  Figure  FI,  Indicates  a dual  Isotherm  of  Ion  uptake 
similar  to  that  established  for  other  species  (Epstalo  1972).  The  range 
of  the  flrat  plateau  Is  somewhat  shorter  than  In  mangroves  (Rains  end 
Epstein  1967).  The  high  concentration  Isothora  (>0.3S  sH  Rb)  does 
not  saturate  as  rapidly  as  the  first  Isotherm.  In  succeeding  experi- 
ments two  concentrations  of  Rb  were  used  (0.1  and  1 Rb),  one  on  each 
of  the  plateaus  of  Figure  FI.  These  test  the  two  absoiptlon  stechonlsma 
Identified  In  the  literature  (Welch  and  Fpsteln  1966). 

F5 


9.  In  /1m  of  the  role  of  Ce  in  aBellorating  the  effecti  of  aalt 
In  planta.  It  appeared  iaportant  to  determine  the  optioua  Ca  concentra- 
tion for  the  absorption  of  Rb.  Figure  F2  ahowa  the  rate  of  Rb  absorp- 
tion sa  a function  of  the  substrate  Ca  concentration  by  both  mechanisms 
of  ion  uptake.  The  Ca  concentration  for  optimum  Rb  at  both  Rb  concen- 
trations Is  2 iM  t'l-.  The  optimum  Ca  concentrations  range  appears  to  be 
wider  for  mechanism  1 than  when  >>oth  mechanisms  are  In  operation.  In 
the  presence  of  10  g t~^  of  KaCl  In  the  absorption  medium  the  rate  of  Kb 
uptake  from  1 iM  t~^  Rb  was  drastically  l<n/er  (Figure  f2)  and  Ca  concen- 
tration appeared  to  be  of  little  significance. 

10.  Magneslia  (Mg)  la  present  In  seawater  In  concentrations  much 
higher  than  Ca.  Since  high  Kg  concentrations  Interfere  with  seed  ger- 
mination of  some  plants  (Palmlsano  and  Newsom  1967),  the  possible  In- 
terference of  Mg  In  the  range  of  concentration  present  In  the  marsh  with 
the  absorption  of  Rb  was  tested.  Figure  F3  indicates  that  Mg  does  not 

a 

significantly  affect  the  absorption  of  Rb  at  either  0.1  or  1 sM  t~^  Rb. 
Moreover,  Rb  absorption  was  not  significantly  different  from  that  when 
Ca  was  present . 

11.  The  time  course  of  Rb  uptake  was  Investigated  over  a 2-hour 
period  in  the  presence  as  well  ss  In  the  absence  of  salt.  Figure  FI 
ahosrs  that  JO  g (171  bM  1~^)  of  KaCl  Inhibited  the  accusulatlon  of 
Rb  by  more  than  90  percent.  Cowever,  the  linearity  of  the  Rb  accumu- 
lation with  time  Indicated  thit  although  the  rate  of  absorption  was 
greatly  reduced,  the  Integrity  of  the  absorption  mechsnlem  was  retained. 
The  linearity  of  experlsienta  1 and  control  groups  also  Indicated  that  the 


F6 


rat*  of  accumulation  vaa  conataot,  auggeatlng  the  absence  of  the  vashing 
effect  that  has  appeared  In  the  literature  recently  (Leonard  and  Hanson 
1972;  Parrondo  and  ^rnlth  1976).  Since  Na  and  Rb  are  both  aionovalent 
cationa,  Inhibition  of  Rb  absorption  by  Na  could  be  coetpetltl'"' 

12.  Tigure  FS  shows  that  salt  does  not  compete  with  Rb  for  uptake 
by  machanlsa  1 until  tha  Na:Rb  ratio  is  higher  than  10  to  1.  On  the 
contrary,  the  presence  of  Na  at  low  concentrations  appeared  to  have  a 
aynorglatlc  affect  on  the  absorption  of  Rb.  This  synergistic  effect  has 
baan  shown  previously  in  other  halophytes  (Rains  and  Epstein  1967; 
Jaffarlas  1973). 

13.  Th*  effect  of  root  pretreatment  with  NaCl  on  the  Rb  uptake  by 
intact  Bcadllngs  is  shown  in  Figure  F6.  Roots  from  plants  grown  In  salt 
solutions  were  compared  to  treatments  that  received  salt  only  during  th* 
Rb  uptake  period.  Sodium  chloride,  whether  given  before  or  during  Rb 
absorption,  reduced  th*  Rb  uptake  to  less  than  40  percent  of  control 
plants.  However,  preloading  th*  plant*  with  NaCl  was  more  effective  in 
reducing  the  uptake  of  Rb  than  when  given  at  th*  same  tin*.  In  spit*  of 
tha  inhibition  of  absorption  of  NaCl  in  th*  nutrient  medium,  NaCl  did 
not  appear  to  affect  th*  growth  of  the  seedlings  (Appendix  E). 

14.  Plants  are  known  to  accumulate  ions  far  In  excess  of  their 
physiological  needs  (Epstein  1972).  Presumably,  this  luxury  consumption 
Is  acctmgulated  in  the  vacuole*  where  It  Is  thought  to  be  Involved  In 
maintaining  an  osmotic  gradient  between  th*  plant  and  tha  medium.  The 
results  presented  In  this  study  indicst*  that,  unlike  skangroves  (Rains 
and  Epstein  1967),  the  Mchanisas  of  ion  uptake  in  alteml flora  are 
not  significantly  different  from  those  of  salt-sensitive  plants  In  terms 
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of  the  Ne-K  relatlonahlp.  Thle  epecles  has  been  shown  to  grow  very  well 
In  a freshwater  oedlun  (Appendix  E;  Taylor  1939).  The  difference  lies 
In  the  ability  of  altcmlf lore  to  tolerate  high  cytoplasolc  salt 

concentrations,  which  lower  the  plants  osnotlc  potential  In  relation  to 
the  sedlua  In  which  It  Is  growing. 
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Figure  F3.  Effect  o'  substrate  magnesium  concentration  on  the  rubldliTB  absorption  rate. 


APPENiJlX  C:  LIGHT  AND  TEJffERATURE  RF^PONSES  IN  PHfiTOSYNTHESIS 
or  SPARTINA  ALTERNIFU)RA 

Introduction 

1.  Th«  Halt  marsh  grass  Spartlns  sltcmlf lora  grows  In  a periodi- 
cally flooded  wetland  tone  that  provides  a unique  laboratory  for  the 
Study  oi  stress.  The  ovcvvhelmlng  Influence  of  two  factors  In  tha 
physical  iwvlronstent , salt  and  periodic  flooding,  make  biotic  Inter- 
actions filnimal  for  this  eatergent  plant.  Just  how  salt  and  Inundation 
Intecaci.  and  how  plants  adapt  to  them  arc  the  object  of  Intensive 
scrutlry.  Photosynthesis  and  respiration  are  fundamental  metabolic 
procasiies  that  reflect  the  ability  of  a plant  to  trap  light  energy  and 
to  uso  It  efficiently  In  the  presence  of  these  stresses,  yet  almost 
nothing  Is  known  about  cither  process  In  altemlf lore. 

2.  I'Sls  appendix  describes,  in  s preliminary  way,  the  processes  of 
photosynthesis  and  respiration  which  Interact  with  che  stress  factors  of 
the  whole  salt  marsh  community. 

Methods 

General  design 

3.  Metabolic  carbon  dioxide  (CO2)  exchange  was  measured  In  a plant 
chamber,  or  cuvette.  In  which  temperature  was  controlled  and  through 
which  air  flowed  at  a controlled  rate.  Carbon  dioxide  flux  was  deter- 
mined from  the  flow  rate  through  the  cuvette  and  the  difference  between 
Ingoing  and  outflowing  COj  concentration  In  the  air  stream.  The  system 
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«M  tha  op«n  cuvatta  typ*,  aodlflad  froa  Hoonajr  at  al  (1971)*  and 
daacrlbad  In  Flgura  Cl. 

4.  Tha  cuvattr.  waa  a 31-c»*dlaB.  cylindar  of  thraa  parta.  A 20- 
c»-hlgh  alualnta  (Al)  baaa  with  aharpcnad  bottov  adga  waa  attached  to  a 
lS-c»-hlgh  Plaxlflaa  collar  to  which  all  tha  linaa  and  acnaora  wara 
attachad.  Thia  In  turn  waa  attachad  through  an  O-rlng  to  a 45-c»-hlgh 
cloaad  Plaxlglaa  top  (Plgura  G2).  In  uaa,  tha  baaa  of  tha  cuvatta  with 
tha  collar  and  control  linaa  attachad  to  it  waa  placed  ovar  a ataod  of 

altamlf lora  and  puahad  Into  tha  aadlaanC  to  a depth  of  10  t'^  IS  cn. 
Cara  waa  taken  to  avoid  diaturbing  tha  coMunity.  A tharaocoupla  waa 
Inaarted  into  tha  aadlaent  to  a depth  of  10  ca;  another  theraoccupla  was 
attached  to  a leaf;  and  a third  was  suspended  in  tha  shade  inside  the 
covetta.  Following  tha  poaitlooing  of  the  thenocouples,  the  Plexiglas 
top  was  attachad  to  tha  cuvatta  c^lar  and  tha  air  flow  to  tha  cuvatta 
turaad  on.  Cuvatta  air  taaparatura  waa  controllad  by  recirculating  air 
through  a radiator  aaintalned  at  tha  desired  tenparature  by  chillers, 
heaters,  and  centro liars  in  a housaboat. 

5.  This  21-ft  houaaboat  served  aa  a floating  laboratory,  bousing 
all  inatruaentatlon  for  tha  CO2  analysis  and  for  tha  control  circuits. 

In  thia  study  it  waa  oparstad  frosi  land  adjacent  to  a salt  narsh,  for 
access  to  line  power,  but  generators  are  available  to  make  the  oparation 
entirely  self-contained. 

6.  The  narnh  invastlgated  was  located  at  Leevllle,  La.  It  waa  a 
snail  marsh,  bounied  by  La.  Highway  1 on  one  aide  and  a shell  road  on 


* References  listed  at  end  of  this  appendix. 
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two  oth«r  aldM.  It  rocalved  tidal  waters  through  a dradgad  canal  that 
connacta  to  Bayou  Lafourcha.  Tha  warah  racalvad  raw  aawage  froa  a 
auabar  of  aobllc  hoaaa  and  aaall  houaaa  along  tha  ahall  road. 

7.  For  aach  plot,  at  conatant  air  taaparatura,  CO2  fl*ix  was 
■aaaurad  in  light,  and  It  was  aasaurad  In  tha  dark  by  covering  tha 
i‘.uvstts  with  black  plaatlc.  Flux  ratM  undar  dlffarant  light  intenal- 
tias  ware  obtained  by  taking  advantage  of  Intendttant  cloud  cover  or  by 

t shading  tha  cuvette  with  cheese  clotli.  Following  neasuraecnts  on  the 

i intact  coeaunltF,  the  top  of  the  cuvette  was  rawed  end  the  green 

I 

tlMue  reaoved  by  cutting  each  live  culn  below  Its  lowest  green  leaf. 

I The  top  of  tha  cuvette  was  replaced  and  CO^  exchange  was  dateralned 

again  In  light  end  dark.  Carbon  dioxide  exchange  under  these  conditions 
was  considered  to  be  due  to  the  nicroblal  connunlty. 

Waasurenents 

8.  MaasuraMots  were  nsde  over  a period  of  about  10  days  each  In 

i Decaaber  1973,  and  March,  Kay,  and  July  1976.  During  this  period  all 

I elds  stages  were  encountered,  end  necsurenents  were  aada  at  all  tinea  of 

day  and  night.  Relthar  tide  stage  nor  tine  of  day  appeared  to  Influence 

I 

the  CO2  flux  rates  as  effects  separable  fron  rasponsea  to  light  Intensity 
' and  tanparature. 

9.  Tsbla  CJ  shows  tha  surface  water  salinity,  sadlnent  te^>arature, 
and  ft^lant  dsytlne  air  tanparstura  during  tha  naasuranant  oarlods. 
Chaaber  tanparature  was  nalntslnad  at  13*,  23*,  or  33*C  (1  1*C)  as 
desired. 
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Indapradanc*  of  CO;  flux 
and  C0<  concentration 


10«  Flgura  C3  ahowa  tha  ralatlonahlp  batvaan  cuvatta  CO2  concan- 
traCloa  and  tha  uptaka  of  COj  by  (raanhousa-grovn  S.  altemff lora.  Tha 
flgura  Indlcataa  that  COj  uptaka  la  ralatlvaly  Indapandant  of  cuvatta 
COj  concantratloo  above  about  200  pt  CO;  In  tha  flald  tha  Inda- 

paodanca  of  CO;  flux  and  cuvatta  CO;  concentration  waa  periodically 
checked  by  cbanglng  tha  flow  rata.  Aa  long  aa  tha  cuvatta  concentration 
vaa  aalntalnad  above  250  pt  CO;  CO;  flux  vaa  unaffected. 

lalatlonahlp  of  laaf  area  to 
leaf  dlnanalona  and  dry  valxht 

11.  Since  a laaf  area  Mtar  waa  not  available  during  all  flald 
trlpa,  leaf  araaa  recorded  la  tbla  report  are  all  dataralnad  froa  leaf 
Slaaaaloaa.  figure  C4  ahowo  tha  ralatlonahlp  batwaaa  blade  area  deter* 
atnad  with  an  electronic  leaf  area  eater  and  blade  area  dctemlncd  froa 
blade  dlaenalona.  Tha  ragraaalon  aquation  Indlcataa  that  86  percent  of 
the  variability  In  tha  foinar  la  accounted  for  la  tha  calculated  area. 

Xelatlonahlp  of  8.  altemlf lore 
to  total  covtmlty  netabollem 

13.  Table  C2  ahowa  that  S.  altemlflora  ahoota,  between  December 
and  May,  ware  reaponalbla  for  over  90  percent  of  the  conMinlcy  photo- 
ayntheala,  but  only  24  to  36  percent  of  Ita  dark  reaplratlon  (aea  alao 
Coaaellnk  at  al.  1976).  Reaplratlon  reported  la  tha  difference  between 
coa»mlty  reaplratlon  and  COj  evolution  by  tha  coeaxmlty  after  8. 
altemlflora  ahoota  ware  renoved.  Cnder  tha  clrcuaatancea,  any  root  COj 
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•scb«n<«  vould  b«  recorded  «•  part  of  cooHunlcy  reaplratlon,  not  S. 
altemlf lora  ahoot  reaplratlon.  ne  percentagea  recorded  In  Table  C2 
ar«  for  COj  exchange  et  25' C.  The  proportion  between  eltemlflore 
end  the  reat  of  the  coMunlty  varied  little  et  IS*  or  3S*C.  Algal 
pbotoeynthealcera  on  the  aedlaeot  aurface  and  on  the  lower  leaf  eheatha 
of  S,  eltemlflore  (Stowe  1972)  eppaered  to  be  wore  laportent  during  the 
Vinter  when  wore  llghi  penetretea  the  greea  canopy,  then  later  on  In  the 
•prlng.  Spertlne  eltemlflore  live  ehoot  reaplratlon  appeared  to  decline 
during  May,  aa  a proportion  of  total  canvunlty  reaplratlon.  At  Chla 
tiaa  such  of  live  tlaaua  la  young,  and  tha  dead  atandlng  bloaaaa  ia 
larga  (Kirby  and  Coaaelink  1976).  Earlier  in  the  year  voat  of  tha  liva 
akoota  ara  nature  and  often  appear  to  ba  acnetclng  (tlpa  yellowltg, 
necrotic  apota). 


roduetlon 


14.  Croaa  pbotoayntbeaia  and  dark  reaplratlon  ratea  of  £.  altemi- 
flora  ara  ahown  in  Figure  C5.  The  two  grapha  are  not  directly  conparn- 
bla  aince  reaplratlon  ratea  ara  recorded  for  total  live  ahoot  dry 


velghc,  wtMreaa  phoioaynthatlc  rate 


baaed  on  loaf  blade  tlaaua 


only.  Rrvortheleae,  both  reaplratlon  and  photoayntheaia  ahow  a aharp 

t 

drop  during  Nay,  and  in  tema  of  photoayntheaia  per  unit  leaf  arwa,  the 
Nay  level  continued  into  July.  Light  aaturatlon  curvee  were  ua.'^  to 
adjuat  all  photoayntheaia  valuea  In  thia  figure  to  a atanderd  light 
iatenalty  of  1 g cal  ca~^  nln~l. 
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IS.  The  eeaaonal  ratea  of  photoayntheaia  and  reaplratlon  ara 


CS 


tMi|>«r«Cur«  dependent  (Figure  C6).  In  Kerch  reeplretlon  Increeeed  with 
teaperature,  and  groaa  photoayntheaia  peaked  at  2S*C.  The  reaultlng  net 
production  optlaua  was  2S*C.  In  Map  gross  photosynthesis  and  net  pro- 
duction both  vers  higher  at  3S*C.  The  aagnltude  of  the  apparent  upward 
shift  in  optlJtal  teaperature  response  In  Kay  wss  not  enough  to  account 
for  the  drop  in  efficiency  (at  25*C}  shown  In  Figure  G6,  that  Is,  the 
plants  did  not  slaq>ly  shift  to  s higher  teapersture  optlaiai  at  the  seas 
rstss  of  photosynthesis.  There  were.  In  addition,  overall  drops  In  both 
photosynthesis  end  respiration  rates  in  Kay. 

Id.  In  Kerch  different  plots  were  snalyted  at  d.^fferenC  taapsra- 
tarsa.  As  a result  the  variance  Is  high,  eapeclslly  for  gross  photo- 
synthasla.  Is  Kay  three  plots  were  exaained  first  at  2S*C,  then  at 
SS*C,  so  that  tbs*  Interplot  variation  could  bs  separated  froa  the 

k 

tsnpsraturs  affect.  As  a result,  although  the  differences  la  photo- 
synthetic  rates  were  not  large,  they  were  consistent  sad  statistically 
highly  significant.  Inspiration  ratea  In  Kay  were  not  significantly 
different.  Met  production,  calculated  froa  gross  production  and  res- 
piration, was  not  statistically  analyced. 


MiiiS. 

17.  The  light  rosponse  was  auch  aors  drsratlc  than  the  tec^erature 
rosponse.  Plgurs  C7  shows  light  rsspunsc  curves  st  two  teaporsturss 
during  Ksy.  Ths  shaps  of  ths  curve  Is  ths  ssaa  for  March  also.  Thess 
curves  srs  for  gross  photosynthesis  of  ths  whole  conninlty.  Therefore 
they  srs  shout  5 percent  higher  than  rates  for  alternlf lora  alcns  (scs 
Table  C2).  Prellnlnary  evldenca  Indicates  that  ths  alcroblal  coaponsnt 
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■•turatM  (raachaa  mzImI  rataa)  at  low  light  latanaltlaa  aalow  0.2  g 
thia  would  account  for  tha  initial  ataap  alopa  of  tba 
light  aaturation  curva. 

18.  Tha  light  raaponan  curvaa  wara  found  to  fit  an  aquation  of  tha 

form 

t • a ♦ hl*^3  (1) 

lAara 

T groaa  photoajmthaaia  in  g Carbon  (C)  cw~2  hr~l 
Z • radiant  aaargy  flux  in  g cal  c«~2  ■in*’^ 

•th  • eoafflcianta 

If.  Tha  curvaa  in  Tigura  C7  ara  aach  fittad  by  pooling  all  waluaa 
tnm  four  plota  at  2S*C  and  tha  aaan  four  plota  at  35*C.  Tha  aquationa 
indlentad  la  tha  figura  account  for  81  and  89  parcant  of  tha  variability 
gt*—  pbotoayatbaala  (Cf)  at  25*  and  3S*C(  roapcctivaly.  Rataa  for 
. iadivlAtal  plota  vartod  aaaaiduit  hut  wara  alwaya  hfghar  at  35*  than  at 
tS*C.  Tha  raaponaa  curva  la  claarly  ataapar  at  35*  than  at  25*C. 
fhotoaynthaaia  ia  atill  ineraaaiag  at  full  aunlight,  a raaponaa  typical 
of  planta  with  Cg  aataboliaa  (Black  1973). 

Diacuaaion 

20.  Opart Ina  altamlflora  ia  tha  doainant  carbon  (C)  fizar  in  tha 
••IR  uarah  cooMiifty  (Table  2).  Tha  lO-parcant  contribution  by  aufwucha 
ana  aadiaant  algaa  during  tha  wlntar,  howavar,  ia  aigniticant,  aapacially 
ainca  algal  calla  gonarally  provide  a aora  palatabla  and  nutrltioua 
organic  aourca  to  conauaera. 

21.  Tha  light  aaturation  curva  confiraa  pravloua  raporta  (Black 
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W73)  that  altTolflora  Is  s plsnt»  Unllks  soat  glycophjrtas  Its 
pbotoajnthatlc  apparatus  doss  not  saturata  wall  below  full  light  In- 
taaslty.  bather,  pbotosynthesls  coctlnues  to  increase  to  full  sunlight. 

utward  shift  in  the  optisal  tenperature  for  photosynthesis 
•a  spring  progressed  is  interesting  but  not  surprising  since  plant 
eoMinlties  are  known  to  acclluta  to  airi>lent  teaperaturea. 

22.  Perhaps  the  soot  unexpected  and  intriguing  discloaura  is  the 
decreased  photosynthetic  efficiency  la  May  and  July  coapared  with  winter 
MBtha.  The  photoeyetbetlc  rate  per  tmlt  leaf  area  dacreaaad  ebont  2S 
pereaac.  During  the  spring  live  tissue  density  Increased  so  there  nay 
fca*®  leaf-shading.  However,  leaf  density  within  the  ouvatte 
van  low  and  did  not  Incraaae  such  (aaan  values  4.4  and  S.4  oa^  la 
Daesnhar  cad  March  and  8.4  and  4.7  ca^  la  May  «id  July),  since  thin 
plats  wars  chosen  la  order  to  atay'withla  the  capacity  of  tha  analytical 
ngwlpaant.  Sadiaaat  teaparaturea  laeraaaed  froa  about  18°  to  20°C  In 
Paesahar  and  March  to  2l°  to  23°C  in  May  and  24°  to  27°C  in  July,  and  thia 
iaereaaa  aay  have  bean  related  to  tha  observed  change  la  photoaynthatlc 
afflclaacy.  The  Inorganic  nutrient  supply  to  tha  plant  aay  alee  havo 
boon  a factor.  Spartlna  altsmlflera  has  bean  ataivn  to  be  nltrogen- 
llaltad  la  Its  growth  (Vallela  and  Teal  197S{  Patrick  and  Dalauna  1975; 
8^0000  St  al.  1975).  Ho  (1971)  sbowad  that  Inorganic  altrogan  (■)  la 
the  water  coluan  Increased  during  tha  winter  and  fell  abrv^tly  la  early 
aprlng.  Marsh  ssdlacnt  Inorgnic  N follows  tha  sane  pattern,  although 
Branaon  (1973)  reported  that  It  peaked  as  early  as  Moveabar  and  Decaaber. 
It  follows  that  the  decrease  in  piMtosynthetic  efficiency  could  he 
^■2ated  to  tha  availability  of  ;'juirganlc  R for  tissue  growth,  and  that 
as  M is  depleted  in  the  spring,  rates  of  photosynthesis  also  decline. 

C8 


t 


I 


Hack,  C.  C.  Jr.  1973.  Photosynthctlc  carbon  fixation  in  relation  to 
ate  CO2  uptake.  Aaar.  kav.  PI.  Phyaiol.  24:253-286. 

Brasnon,  J.  M.  1973.  Saaaooal  variation  of  nutrienta  and  pbyaioco- 
cbaaical  propartiaa  in  tha  aalt  aarah  aoila  of  Barataria  Say, 
louiaiana.  Maatar'a  thaaia,  Louiaiana  State  Onlvaralty,  Baton 
tougo.  131  pp. 


la,  8.  V.,  H.  H.  Hbodhouaa  Jr.,  and  E<  D.  Sanaca.  1975.  Tlia 
xalatlonahip  of  aiaaral  natrianta  to  (rovth  of  Spartina  altami’ 
flora  in  North  Carolina.  II.  Tha  affacta  of  N,  P,  and  Fa  farti* 
Usara.  Proc.  Soil  Set.  Soe.  Amt.  39(2): 201-307. 


Oaaaallnk,  J.  0.«  C.  S.  Hopkinaoo,  and  t.  T.  Parroado,  ada 
Productivity  of  aarah  plaata.  Plaal  report  to  USA  C01 
VIS,  Vlckaburg,  Mlaa. 


■a,  C.  1971.  Saatonal  ehaagaa  lo  aadlnant  and  oatar  ehanlatry  la 
Barataria  Bay.  Louiaiana  State  Onlvaralty  Canter  for  Votlaad 
Baaoureaa,  Batoo  Boufa,  La.  Coaatal  Studlaa  Bull.  No.  B. 
pp.  «7-84. 

Kirhy,  C.  J.,  and  J.  0.  Goaaallnk.  1976.  Prlnary  production  i 
Louiaiana  Oalf  coaat  SnarUn*  altamlflora  aarah.  Ecology. 

Moooay,  H.  A.,  B.  L.  Ihma,  A.  T.  Barrlaon,  P.  A.  Morrov,  B.  Bartho] 
aid  B.  L.  Baya.  1971.  A aoblla  laboratory  for  gaa  axehanga 
■aaauraaaata.  Photoayathatlca  5(2): 128-132. 


Patrick,  V.  H.,  and  B.  D.  Dalanaa.  1975.  Hltrogaa  and  phoaphoma 

otlllxatlon  by  Spartina  altamlflora  la  a aalt  aarah  la  Barataria 
Bay,  Loulalaaa.  Batuarlaa  and  Coaatal  Mar.  Scl.  4:59-64. 


Btoua,  V.  C.  1972.  CoMualty  atructura  and  productivity  of  the 
aplphytle  algae  la  tha  Barataria  Bay  area  of  Louiaiana.  Ph.B. 
thaaia,  Loulalaaa  State  Onlvaralty,  Baton  Bouga.  64  pp. 


Vallala,  I.,  and  J.  N.  Teal.  1975.  Nutrient  llaltatloa  In  aalt  aarah 
vagatatlon.  Pagaa  547-563  In  B.  J.  Belaold  and  W.  B.  Quean,  ada. 
Ecology  of  Balophytaa.  Acadaalc  Praaa,  N.T. 


Table  Cl 

Ir  and  Sadlaant  Toroaraturc  Ranae  and  Surfae 


Water  Salinity  Durinx  Field  Heaaurcacnt  Parloda 
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1 
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Dacaa&ar 

Kerch 

May 

June 

< 

r b 

1975 

1976 

1976 

1976 

» 

Air  Taqparatura  (*C) 

20-25 

25-27 

24-28 
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tadlaant  Ta«pcracura  (*C) 

18-20 

19-20 

21-25 

$ 

24-27 

1 

tnrfaca  Water  Salinity  (*/••) 

15-17 

12-16 

8-14 
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Laaf  Area  Par  Cwratta  (da^) 
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Groaa  PbotoaTnthaala 
Baaplratlon 
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» CONTROL  LINES 
...WATER  LINES 
— AIR  PLOW 


Figure  Cl.  Syetiu  ifor  ■eiieuling'‘C02  • ^"H^il^exifgie?^ I'uvec t « with  2, 

fan  end  redlator  to  recirculate  elr  through  cuvette;  3,  elr  puny  end 
reservoir;  4,  gee  pressure  regulator;  S,  elr  humidifier;  6,  hast  ex~ 
changer  for  humidity  control;  7,  mesa  fio%»meter;  8,  dew  point  hygrometer; 
9.  differential  Infrared  gas  analyier;  10,  water  chiller;  11.  pumpa,  12, 
solenoid  valves;  13,  Iwierslon  heater;  14,  water  reser'oir;  16,  con- 
troller; 17,  multipoint  recorder;  21,  gee  cylinder. 
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Fijfurc  C2.  Cuvette  in  place  on  the  narsh.  The  white  box  contain*  a 
raUiator  to  control  cuvette  air  temperature  and  a fan  to  circulate 
air  through  the  cuvette.  Air  circulate*  through  the  black  hose  in 
foreground.  I’^  rohel  iometer  is  in  background. 
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Mffarmea  la  CF  ta  hlshly  alsp.lf leant  (F  «fl.01), 

Dlffaraaca  la  t la  not  atfslXtcant  (F  >0.03).  . 

Ctoaa  produetloa  adjuatad  to  a radiaat  flua  of  1 a cal  ht'l 


Figure  C6.  Rataa  of  gross  (CP)  and  not  (KP)  dayclas  production 
and  of  dark  rssplratlon  (R)  of  S.  slternlflora  as  Influencsd  by 
CsapsraCurs  and  season. 
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Figure  C7.  Fitted  curvea  of  S.  altemlflora  coaaunlty  groaa 
photoayntheals  aa  a fuactlon  of  radiant  aoargy. 


